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Specify BS<B “Climax’ Controls 
And BS«B Safety Heads! 


BS&B ‘‘Climax’’ Controls and BS&B Safety 
Heads are world-renowned among men in 
the Process Industries for their precise 
accuracy, superior quality and outstanding 
performance! Manufactured to the most ex- 
acting tolerances to comply with today’s and 
tomorrow’s newest concepts of automatic 
safety and process controls, they should be 
your first choice when specifying equipment 
for a new installation, or for replacement 





purposes. Call in your BS&B Representative 
—or write for detailed information! 


BSe&B Service Is Close To You! 


84 Sales Centers 40 Stocking Points 


ASN 


OVER 60 YEARS 


nite oe PNT 


LACK, IVALLSS RYSON,INC. 


Climax Controls Division, Dept. 4-V12 





new bulletin 
flow control pumps 


in process 
instrumentation 





New 24 page Bulletin describes and 








illustrates the application of Flow 





Control Pumps to chemical feed and 


complete instrumentation systems. 


e Describes various types of con 
trolled volume pumps — how they 


work, what they do. 


e Contains 25 flow diagrams of typi 
cal. systems including applications 
in the paper, petroleum, chemiical, 


water treating and other industries. 


@ Includes engineering data on Flow 
Control Pumps— their operation 


and selection 


This Milton Ray HANDBOOK will 





be a valuable addition to your indus 
trial library. Write for your copy, 


today! 





Engineering representatives in the 
United States, Canada, Mexico, Europe, 


Asia, South America and Africa 


COM PANY 


Manufaikiing ad 1909 E MERMAID LANE © PHILA. 18, PA. 


CONTROLLED VOLUME PUMPS AND AUTOMATIC CHEMICAL FEED SYSTEMS 
For more information circle 2 on inquiry card 
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FALSTROM 


“VISIONEERED” 


panels and 
control boards 
help improve 
process efficiency 


Low fiows to 1 cc per hour 

High flows to 20 GPM 

Pressures as low as atmospheric 
Pressures up to 20,000 psig 
Acids to 2.0 pH 

Alkalis to 10.0 pH 

Liquids at freezing temperatures 
Hot liquids to 400° F. 


Clear liquids 


“20000. ° e 


i rem 


Heavy, abrasive slurries 


RIRISIGISININININIK 


Check your chemical 
feeding requirements 
with PROPORTIONEERS 


Falstrom “visioneered” steel instrument and control 
boards, graphic panels, consoles, cubicles and cabinets 
are made exactly to your designs and specifications 
$0 as to achieve better functional integration of your 
instruments, for easier supervision with less fatigue. 
Falstrom fabrications are made to close tolerances and 
because of Falstrom’s large facilities and modern Whatever your chemical feeding and pro- 
equipment, no need to sacrifice or compromise on your portioning problem, there’s a Proportioneers 
original specifications and intentions. metering pump that will give you maximum 
process control, maximum adjustability, at min- 
Falstrom’s “visioneered” construction gives you exactly imum operating expense. A wide range of sizes 
what you envisage. Put Falstrom “visioneering” to work and models of Proportioneers Chemical Pumps 
for you in accurate mountings of any size, in any are available from stock ready for immediate 
metal—at low cost. delivery. 

Write for Adjust-O-Feeder Bulletin 1200, 
giving complete details. Proportioneers, Inc., 
422 Harris Avenue, Providence 1, Rhode Island. 


@ropoRtion <2 ik 


FALSTROM COMPANY Technical service representatives in principal cities of the 
92 Faistrom Court, Passaic, N.J. United States, Canada, Mexico and other foreign countries. 
F e lnformation e 3 on inquiry card es Scan alan Be st? 
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Write for Falstrom catalog of standard panels and 
control boards 143A or send prints and requirements 
for prompt estimate. 
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MEMBER SUBSCRIPTION RATES 


For One and Two Years 
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Position and company connection as well as 
products manufactured must be indicated in all 
subscription orders 
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PREVENT UNTIMELY FAILURES of vital equipment like this generator 
stator by making non-destructive insulation tests with General 
Electric's new 10-kv insulation-resistance tester. Resistance measure 


More News About 
General Electric 
Instruments for 


Insulation and 


Resistance Testing 


*Manvfacturer's suggested retail price 


~ 


INSULATION-RESISTANCE METER 


UP TO 20,000 MEGOHMS may be quickly 
and accurately measured on four scales of 
the insulation-resistance meter. With 
output current limited to 2 ma, greater 
safety for operator is assured, $304.20. ° 


he, 
NS ie 


ments of installed equipment make it possible to follow insulation 
deterioration so that the equipment can be removed from service 
before the danger point is reached. Price of equipment is $1825.20.* 


HIGH-POTENTIAL TESTER 


CURRENT-LIMITED to a maximum of 5 milli- 
amperes, the G-E high-potential tester 
minimizes most of the hazards encountered 
with other such equipment. No barriers, 
cages or white tape are needed. $195.00. * 





GENERAL ELECTRIC ANNOUNCES... 


NEW 10-kv Insulation-Resistance Tester: 
Accurately Reads up to 200,000 Megohms 





Non-destructive Tests with G-E Tester Will Help 
To Foretell the Failure of Expensive Equipment 


Now, with only one instrument, you can measure insulation 
resistance from 0 to 200,000 megohms at 10,000 volts d-c. 

Because of this broad range, the new General Electric 10-kv 
insulation-resistance tester can be used to check the quality of 
insulation in equipment with high dielectric capacities. Such tests 
made before over-potential tests can help prevent the failure 
of expensive equipment. 
MAXIMUM ACCURACY is obtained, even if the source voltage 
fluctuates widely, because the input of G.E.’s new insulation 
tester is stabilized by a synchronous motor-generator set. 
CONTINUOUSLY ADJUSTABLE OUTPUT—With the 10,000-volt 
d-c voltage output, which can be adjusted continuously down to 
zero, resistance measurements can be made near the operating 
voltages of the equipment. This eliminates the misleading 
measurements that are often made when tests are not conducted 
under simulated operating conditions. 
VALUABLE TIME IS SAVED in making non-destructive insulation 
tests of equipment with large capacitances because they can be 
charged quickly. 

For more information, contact your nearest G-E Apparatus 
Sales Office or mail coupon below. 


10-KV WINDING-INSULATION TESTER 


FAST, SIMULTANEOUS TESTS of turn-to-turn, 
coil-to-turn, and coil-to-ground insulation can 
be made with G.E.’s 10-kv winding-insulation 
tester. Dissymmetry of windings as small as 
one turn can be quickly detected. $2909.40. * 





MEGOHMS AT IO KV 


4 


a D-C MICROAMPERES 


GEMERAL RH, ELECT AIC 


FASTER TESTING is possible with G.E.’s new 10-kv insulation-resistance 
tester. Resistance can be read directly from the scale for the volt- 
age specified when ordering eliminating time-consuming calculations. 


OUTPUT IS CONTINUOUSLY ADJUSTABLE over the 10,000-volt range by 
means of this knob so that resistance measurements can be taken at 
or near the normal operating level of the equipment being tested. 


SECTION B 605-83 
GENERAL ELECTRIC COMPANY 
SCHENECTADY 5, N. Y. 
Please send me the following bulletins: 
[) 10-kv Insulation-Resistance Tester (GEC-1276) 
[J] 10-kv Winding-Insulation Tester (GEC-321) 
C) Insulation-Resistance Meter (GEC-753) 
] High-Potential Tester (GEC-700) 


P 
Name 
Company 
Street 


lim City 


GENERAL @@ ELECTRIC 


3 








(6) Developments in Laboratory Instruments : 





TO SAVE VALUABLE MAN-HOURS, G-E CONSOLE IS FUNCTIONALLY DESIGNED FOR SIMPLE OPERATION; FEATURES EASY-TO-REACH CONTROLS. 


INSTANTANEOUS VAPOR DETECTOR PHOTOELECTRIC RECORDER © 


News About Other 
General Electric 
Instruments for 

Precision Measurement 


in the Laboratory 





/ / 4 4 
FOR HEALTH MONITORING of mercury vapor RECORDING RAPIDLY CHANGING PHENOM- 
and certain other toxic vapors, this portable ENA with minimum load on measured 
General Electric instrument pinpoints con- circuit, recorder is available with sen- 
taminated areas; can be used wherever sitivity as low as 1 ua full scale. Re- 
115-v., 60-cycle power is available. $495.00.* sponse times as low as 4 second. $700.00.* 


*Manufacturer's suggested retai! price 





Minimize Calibration Time With Versatile, Easy-to-use 
General Electric Instrument Standardization Console 


PROVIDES REGULATED POWER 


The General Electric instrument stand- 
ardization console provides regulated 
power supplies for precise calibration of 
a wide range of electric instruments. 


HIGHLY ACCURATE, the console prevides 
facilities for referring both d-c and a-c 
measurements to a standard cell, or to a 
laboratory standard instrument. 


WIDE RANGES of a-c and d-c power sup- 
plied by the console facilitate the cali- 
bration of voltmeters, ammeters, fre- 
quency meters, and many others. Both 
a-c and d-c standardization tests can be 
made up to 750 volts, or 150 amperes; 
with low-distorted a-c frequencies from 
50 to 3000 cycles. 


FOR FURTHER INFORMATION about the 
General Electric instrument standardiza- 
tion console, contact your nearest G-E 
representative, or clip coupon below for 
Bulletin GEA-6005. 


GAUSSMETER 


CONVENIENT, POCKET-SIZE G-E meter facil- 
itates checks of flux density and direc 
tion in magnetic gaps. Ideal for use in 
small or congested areas. Price includ- 
ing reference magnet and case, $67.10.* 


SUPPLIES FOR PRECISE INSTRUMENT CALIBRATION 


Convenient range- and circuit 
selector controls and indicators 


Non-magnetic work 
table area 


Easy-to-reach operating 
controls 


Large, usable storage 
area 


laboratory-standard, portable, small-panel, 
switchboard, and recording instruments. Re 
quires only normal 115-v, 60-cycle source. 


HIGHLY VERSATILE, the General Electric 
console has necessary switches, busses and 
indicators for caliliration of a-c and d-c 


INDICATING FLUXMETER 


SECTION 6605-76 
GENERAL ELECTRIC COMPANY 
SCHENECTADY 5, N. Y. 


Please send me the following bulletins: 


[) Instrument Standardization Console (GEA- 
6005) 


) Instantaneous Vapor Detector (GEC-1275) 
Photoelectric Recorder (GEC-245) 


] Equipment for Measuring Magnetic Prop- 
erties (GEC-777) 


NAME 

COMPANY 

STREET 

CITY ZONE STATE 


HIGH ACCURACY AND SENSITIVITY combine 
to provide precise magnetic measurement. 
Accuracy is 1% of full-scale deflection; 
sensitivity is as high as 1 millimeter deflec- 
tion per 100 flux lines. Price is $278.50." 


GENERAL @@ ELECTRIC 











TUBING BY SUPERIOR SAVES 33% 
on production cost of Autoclave covers! 


Shown here is the Magne Dash* autoclave, a “dash 
pot” used to test physical and chemical properties 
of materials under high pressures. 

The Magne Dash cover now costs far less to 
make than it used to. For in redesigning it, Auto- 
clave Engineers, Inc., Erie, Pa. found that Superior 
cold drawn Type 316 stainless steel tubular com- 
ponent gave them amazing economies. Savings 33°. 
Originally, 2” stainless steel forgings were used 
in the Magne Dash cover. These had to be machined 
and deep drilled —time-and-money consuming oper- 
Superior tubing eliminated this expensive 
work and reduced scrap loss almost to zero! At the 


ations 


about 40,000 psi to 100,000 psi. And Autoclave 
Engineers found Superior tubing easy to thread, 
easy to clean and unusually resistant to corrosive 
catalysts used in testing. 

If you have a problem in high pressure process- 
ing—or any other problem that involves tubing 
call on Superior. We make a specialty of fine tubing 

in special shapes and sizes—and in more than 55 
analyses! Out of our long experience, you are sure 
to get the answers you want. Tell us about your 
current production problem. Send for our free 
Catalog Section 20 on stainless steel tubing. 
Superior Tube Company, 1968 Germantown Ave., 
Norristown, Pennsylvania. 


same time, minimum yield strength was raised from ‘Lenni & Seemias 0 Commer 


Indiana) LS. Patents 2631091 and 2661938 


Round and shaped tubing available in Carbon, Alloy and Stainless Steels; Nickel and Nickel Alloys; Beryllium Copper; Titanium; Zirconium 


Syoervar fube 


The big name in small tubing 


All analyses .010” to %” 0.0 


Certain analyses in light walls 
up to 2%” 0.0. 


West Coast: Pacific Tube Company, 5710 Smithway St., Los Angeles 22, Calif. * RAymond 3-133] 
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An unbeatable 


oyrometer 
for any range 


between -300° 
and +2800'F. 


. . - no batteries to standardize! 


TOPS in simplicity . . . unequalled in its com- 
bination of accuracy, sensitivity, and speed of 
response . . . the Dynalog Potentiometer with 
standard thermocouples gives you unerring 
temperature measurement for any range up to 
2800°F. Featuring sustained accuracy of % of 
1% of scale, it's an instrument of laboratory 
precision built to withstand the severest indus- 
trial conditions. 

Unprecedented freedom from maintenance is 
the direct result of unique Dynalog design. 
There's no slidewire, no battery to standardize. 
There are no gears, belts, or high speed revers- 
ing motors. There’s nothing to wear and cause 
dead space. 


This simple variable 
capacitor is important to 
potentiometer users because 
it eliminates the conven- 
tional, troublesome slidewire 
altogether; and it gives 
Dynalog Instruments the 
continuous stepless 
balancing which assures 
higher accuracy, closer 
control. 


*Reg. U.S. Pat. Off. 


Single pen recording models provide full 
scale pen travel in 3 seconds standard, or as 
fast as 1 second without extra cost. The Multi- 
Record Dynalog provides color-coded records 
of up to 6 points at 6 second intervals. Both 
types give the convenience and low cost of 
circular charts. 

Dynalog Potentiometers are also used for the 
measurement of pH, oxidation-reduction poten- 
tial, and for other applications in which the 
process variable can be converted to a de milli- 
volt signal. They are available for pneumatic 
or electric control. 

Write for your copy of Bulletin 427-1 which 
gives the whole story. 


THE FOXBORO COMPANY, 4612 NEPONSET AVE., FOXBORO, MASS., U.S.A. 


PAS POR res oh TT He AND 


UN TT OD STA ENGLAND 


For more informat 


Les, CAMADA, 


1 inquiry card 
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FOR MEASURING 











ACCURATE, DIRECT-READING, EASILY-OPERATED INSTRUMENTS, WITH ELECTRICAL 
COLD-JUNCTION COMPENSATION. 


These potentiometers have been used for years by the leading motor car and aircraft manu- 
facturers for proving-ground and flight-test work as well as in the laboratory. 
@ Three models from which to choose the instrument for your application. 

Model 13P02, with single temperature scale. 

Model 14PO (illustrated) with high and low temperature scales. 

Model 78PO with one temperature and one millivolt scale or two 

temperature scales, for different thermocouple materials. 


Housed in a sturdy hardwood case, approximately 11%” long, 10” wide and 77%” high. Weight approxi- 
mately 17 Ibs., shipping weight 20 Ibs. 


@ For dependable temperature instrumentation, use these potentiometers with LEWIS leads, selector 
switches and thermocouples. 


THE LEWIS ENGINEERING CO. 


NAUGATUCK, CONNECTICUT 


Manufacturers of Complete Temperature Measuring Systems for Aircraft 





~~ ee 
Page 1876—Instruments & Automation—-Vol, 27 















Instruments 
and AUTOMATION 


itteéso. 


Radioisotope market is expanding. In 1954 there were more than 1000 in- 
dustrial users, 800 medical, and 500 other users. Potential is high. 
"Industrial segment of electronics industry ... . may have 
greatest rate of growth of all," said J. Halligan, President and 
Board Chairman of Hallicrafters Co., referring to industrial con- 
trollers, computers, automation of manufacturing processes, 
etc. Government purchases of electronic equipment during second 
quarter of 1954 are much lower than for corresponding period in 
1953; but industrial purchases are up. 
Growth of instrument industry is pointed out by Bureau of Labor Sta- 
tistics: number of employees in instrument and scientific apparatus 
manufacturing was 39000 in 1951, 49000 in 1952, 54000 in 1955. 
Largest growth was in industrial-instrument field, with 8.6% in- 
crease in shipments of industrial instruments in 1953 over 1952. 
Analog computer purchases (gross) are expected to be $8-10 million 
for 1954; $15-$20 million for 1955. Over $40 million worth of 
analog computers are incurrent use; industrial market is expected 
to "break" soon with great increases at operational level. 
Electronic firms in Los Angeles area reported billings of $750 million 
in 1953; billings in 1946 were less than $100 million. 
"Real future of magnetic recording lies inarea of instrumentation 
and in the field of computers, business machines, and control 
mechanisms," says S. J. Begun, vice-president Clevite-Brush, at 
recent AIEE meeting, although audio market ($200 million in 1953) 
is still growing. 
World-wide demand for Geiger counters followed disclosures of radio- 
active tuna fish in Japanese home waters. Japanese atomic instrument 
industry could not meet demand. 
New trend in oscilloscopes: large (2l-inch) screens have been 
announced by Technomatic and Electromec. New trend in cable 
checkers: automatic high-speed multiconductor cable inspec- 
tors have been announced by Panascan and Link Aviation. 


New physical principles are used rapidly in instrumentation, Nuclear 
magnetic resonance spectroscopy was discovered only a few years ago; 
instruments are now available for nondestructive rapid analysis 
of liquid samples (including melted solids and liquified gases) by 
n-mM-r analysis, an outgrowth of nuclear physics research. 
New field attracting attention is radio remote control of fork lift 
trucks, bridge cranes, materials-handling tractor-trains, rail- 
road switching car yards, etc. "Sensational" developments are 
on the way for automatic handling of hot and cold forged parts. 
Aircraft industry calls for lighter components. Each pound added to an 
aircraft requires 10 additional pounds in powerplant and support- 
ing structure if performance is held constant. 
Atomic Power Equipment Component has been formed by the General 
Electric Co. Schenectady, to market atomic power equipment for 
commercial use. 
Research expenditures for current fiscal year are about $4 billion, 
with $2 billion spent by industry and private organizations, and $2 
billion by federal government. About 85% of government spending ($1.7 
billion) is related directly to defense and security. 
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Do these 
5 NEW ASVA SOLENOID VALVES 


med. special weed, for you, 9 


Five completely new solenoid valves were developed by ASCO 
during 1954. Smaller size, greater efficiency and longer reliable life 
fit these valves to specific industrial uses. 


A NEW ASCO 4-WAY 
MIDGET SOLENOID VALVE 


Designed for control of small double 

acting cylinders. Compact: Under 

4%” high, 2” wide, 2” deep with 
standard NEMA | sol- 
enoid enclosure. Oper- 
ates up to 400 cycles 
per minute mounted in 
any position. Standard, 
explosion proof or 
watertight solenoid 
enclosures. 


A NEW ASCO 2-WAY 
SOLENOID VALVE 


COMPACT: Only 2%” face 
to face; 3'%,4” overall 


height. 


Simple: Just two operating 

parts. Can be mounted in 

any position. Low power 
consumption. 
Standard, explosion 
proof or watertight 
solenoid enclo- 
sures. Normally 
open or normally 
closed. 


BULLETIN 8210A 





A NEW ASCO SOLENOID PILOT 
CONTROL VALVE WITH SAUNDERS 
PATENT TYPE BODY 


| Absolutely tight shut-off con- 
, trol for corrosive liquids and 


gases. The dependable ASCO 
pilot provides automatic con- 
trol of main diaphragm valve 
using auxiliary pressure. 
Available normally open or 
normally closed in a wide 
selection of body materials. 
Standard, explosion proof or 
watertight solenoid enclo- 
sures. 


SPECIAL BULLETIN 8336 


J. OPERATED 2-WAY VALVE 
>, ) BULLETIN 8338 


Two valves designed specifically for 
ocessing plants where corroding 
iquids or gases 

are handled. 

Many types of 

body materials 

available. Stand- 

ard, explosion 

proof or water- 

tight solenoid 

enclosures. 


A NEW ASCO 

CORROSION RESISTANT | 
3-WAY SOLENOID VALVE 
SPECIAL BULLETIN 8300 


A NEW ASCO CORROS- 
JON RESISTANT, CYLINDER 


Se ee ee ee ee ee ee ee ee ee EE EER OR SE ee 


<b Write for additional details on any of these valves. Please specify bulletin number. 
S 


“o) Automatic Switch Co. 


oe 
N 385-T LAKESIDE AVENUE, ORANGE, NEW JERSEY 


WE DESIGN AND MANUFACTURE A COMPLETE LINE OF SOLENOID VALVES AND ELECTROMAGNETIC CONTROLS INCLUDING 
AUTOMATIC TRANSFER SWITCHES, REMOTE CONTROL SWITCHES, CONTACTORS, RELAYS, AND COMPLETE CONTROL PANELS, 
For more information circle 10 on inayiry card. 
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ABSOLUTE PRESSURE invicator 


--- FOR DEEP VACUUM WORK 















Measures pressure 





ABSOLUTE 
PRESSURE 


MILLIMETERS OF MERCURY 
© 


directly from 


ZERO ABSOLUTE 
to atmospheric 


...strflly and | 
precisely 
















~ - 
SERIAL NO. MODEL NO. ae 
we 40763 o e FA 180 We 








WALLACE & TIERNAN PRODUCTS INC = 
BELLEVILLE NEW JERSEY =~ 





6” dial 






Used as a pressure indicator in any system employing a vacuum. 
— All readings are relative to ZERO ABSOLUTE. 
Dial reads directly. 
— Accurate to 1 part in 300 over full scale. 
— Sensitive to 1 part in 500 in all ranges. 








— No auxiliary indicator or corrections for ambient pressure 
changes required. 





Protected against sudden pressure surges. 







TYPE FA-160 — Ranges: 0.1— 20mm Hg. 0—200mm Hg. 
0 — 50mm Hg. 0—410mm Hg. 
0 —100mm Hg. 390—800mm Hg. 
For additional information on ~— Dial Sizes: All ranges in either 2°” or 6” dia. 






WET Absolute Pressure Indicators, 
write today for Publication No, TP-28-A, 






WALLACE & TIERNAN 


CNeC OR: POR AR Fee 
PRECISION INSTRUMENTS AND ELECTRICAL 
22 MALN:.S T 
In Canada Wallace & Tiernan ltd 
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INSTRUMENTS ON THE MARCH 


New Principles, Applications, 


Computer CR-tube Display 
NEW 


electronic craniums. These are cathode-ray tubes on which 


the calculators’ function and outputs will be pictured in 
the form of graphs, geometrical figures, engineering sym- 
bols, or in words and numbers (alphanumeric display }. 
The new device, announced by International Business 
Machines Corporation, is known as the “Type 740 Cathode 


Ray Tube Output Recorder,” and was designed for use 
with IBM’s “Type 701 and 704” Electronic Data Proces- 
sing Machines, eighteen of which are now in use by leading 
American industries and in government agencies. 


Transistor Production 


PHILA., PA.-Engineer peers at a germanium seed as 
it is “pulled” during growing process in Minneapolis- 
Honeywell's plant. Critical temperatures and program- 
ming functions are regulated by the electronic recorder 
Page 1880 Vol, 27 
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YORK, N. Y.—‘Giant brains” soon will be pro- 


vided with “windows” which show what goes on inside the 


Non-commercial Developments 


(left). The crystal is later used in one of the power-type 
transistors now being mass-produced by the firm. Re- 
cently, M-H unveiled a new super-power transistor ca- 
pable of delivering up to five amps of electric current to 
a motor. The new model transistor is designed for a 
wide variety of applications including operation of 
motors, output sections of high-power audio systems, etc. 


UNIVAC and the Elections 


NEW YORK, N. Y.—Many exaggerated reports have 
been made to the effect that the “giant brain” UNIVAC 
did or did not “predict” the recent national elections. 
Hence it is interesting to examine how UNIVAC per- 
formed. 

The “problem” of forecasting results is purely mathe- 
matical, based on “samples” taken from previous elec- 
tions, back as far as 1944. This is the same basis of calcula- 
tions upon which pollsters draw their conclusions except 
that UNIVAC is much faster, and does not make errors. 
These samples include previous results from various polit- 
ical areas throughout the country which are compared 
electronically with results as they come in. 

As a matter of fact, UNIVAC’s first prediction of “most 
likely results,” based entirely on previous election results 
and released shortly after the first polls closed, showed the 
Democrats winning 227 seats in the House, and the Re- 
publicans 207-—-which was only five votes away from the 
final result. 

When UNIVAC made its first prediction, based on pre- 
vious voting, before the first returns came in over the CBS 
teletype, UNIVAC made a series of calculations and came 
up with answers which—translated by the experts 
effect: 

“On the basis of previous election returns the chances 
are three to one the Democrats will get between 225 and 
230 seats in the House. The same odds give the Republi- 
cans between 204 and 209 seats.” 

Each of these figures was split—the difference between 
225 and 230, for example, being 227; thus the first pre- 
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Streamlined, Tmproved 


MOELLER 





HYDROMETERS | 








... for quickly and accurately determining 
the density of light and heavy liquids. Made 
in a variety of scales, such as Brix, Twaddle, 
Ballings, A.P.I1., etc. Specific Gravity, Baume, 
etc. Plain form or combined with ther- 
mometer. They are unfailingly correct. 


Write for special Hydrometer Catalog today! 


INSTRUMENT COMPANY 


RICHMOND Hill 18. NEW YORK, N.Y 


MOELLER 


T32nd STREET & B9th AVENUE USA 


Gentlemen: Without obligation, please send Catalog No. 800 
on Moeller Hydrometers. 


NAME 
FIRM 


ADDRESS 
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| diction was 227 to 207—which was almost on the nose. 

However, as returns came in over the CBS teletype, the 
| current voting began to weight these forecasts. ‘Certain 
| areas voted more heavily Democratic than they had pre- 
viously; and other areas, regarded as predominantly Re- 
publican, such as upstate New York where snowstorms 
impeded getting in the returns, failed to show strongly in 
the comparison with the “samples.” 

Therefore the forecast shifted more heavily in favor of 
the Democrats, and CBS announcers said UNIVAC had 
“predicted a Democratic landslide.” 

Actually, what UNIVAC said in effect was: 

“On the basis of returns thus far, the most likely result 
will be: In the House, Democrats 299 seats, Republicans 
135 seats; and in the Senate, Democrats 56 seats, Republi- 
cans 39 seats.” 

When more returns rolled in, the unusual factors began 
to balance out, and the forecast of “most likely results” 
narrowed down. . 

The big computer proved that it could act like a human 
prophet—“hedging” on its bet as election returns piled up. 
Once it offered “three-to-one odds” that the Republicans 
could win the Senate by one vote, if all close races were 
won by Republican candidates. 

At 10:30 P.M. on election night, UNIVAC reported the 
“most likely result” would be 227 Democrats and 207 Re- 
publicans in the House—exactly as it reported on its first 
forecast. At this point “human error” jumped into the 
situation with a vengeance. The teletype reported the pre- 
diction to CBS in reverse, giving the Democratic figures as 
Republican and vice versa, and CBS announced that 
UNIVAC had switched. 

A few frantic telephone calls rectified this mistake, and 
UNIVAC continued throughout the night to predict a 
Democratic sweep of both houses, which was confirmed in 
final tabulations. 

It was 24 hours after the polls closed that the final results 
confirmed UNIVAC’s first prediction—that the Demo- 
crats would win both houses. 

This is UNIVAC’s second experience as a political prog- 
nosticator. In the 1952 presidential race. Remington Rand’s 
“giant brain” predicted at 8:30 P.M., an hour and a half 
after eastern polls closed, that General Eisenhower would 
carry 43 states, with 438 electoral votes, against Governor 








Adlai Stevenson’s five states with 93 electoral votes. In 


the final returns, General Eisenhower carried 39 states with 


142 electoral votes and Governor Stevenson took nine states 
with 89 electoral votes. 
The forecast by UNIVAC at that time was so startling 


| that the human brains operating the “giant brain” refused 
| to accept the forecast, doping the computer with various 


“weighting” devices such as newspaper polls, until UNIVAC 
came out almost even, at one point, giving Governor Steven- 
son the edge in popular votes and General Eisenhower the 
election. 


Hurricane Tests Recorder 
HAMPTON. VA.—When hurricane Hazel crashed 


across Virginia on her recent non-stop trip north, a new- 
type Wind Velocity Recorder, advertised as being “rugged 
as it is accurate,” got a test to end all tests. 

First. the windy lady turned the public eye on the in- 
strument by knocking out all contact between the regional 
Weather Bureau and the hard-hit Virginia cities of Hamp- 
ton, Newport News, and Warwick—leaving the highly 
lauded device as the sole source of information for the 
area. 

Atop the Hastings Instrument Co., Hampton manu- 





and control 
Chemical 


analysis 


oh Zat- Vaal lom-vale| 


static testing 


In these fields... 


you r probliem An open mind... and an organization with 


17 years’ practical experience in control and 
information handling are the Consolidated 
Systems Division’s most valuable assets. 


ss 
iS is r Together, they make it possible for the 


Division to do not only a complete job — 


3? = = engineering, fabrication, installation, 

Ss arti ng Pol nt instruction, service — but the most practical 
one from the standpoints of both efficient 
operation and dollar value. 

Complete professional freedom to select 
those components that will do the particular 
job best and at the lowest cost means 
that the buyer is assured of the optimum 
solution to his problem. Components may 
be standard Consolidated Engineering 
products, units specially engineered for 


The story of the : 
the project, or items purchased from 


Systems Division... " 
and examples of the work m3 *- other manufacturers... the sole criterion 
they have done ...are e 
told in a new brochure, 
available on requesi, ‘ testing and analytical protlems. 
Write for Bulletin CEC 1304-X3. 


is that they solve your automatic control, 


Systems Division 


Consolidated Engineering Corporation 


300 North Sierra Madre Villa, Pasadena 15, California 


Sales and Service through €E¢C INSTRUMENTS, INC., a subsidiary with offices in: 
Albuquerque, Atlanta, Buffalo, Chicago, Dallas, Detroit, New York, Pasadena, Philadelphia; Seattle, Washington, D. C. 
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facturers of the indicator, the probe (sensing element) of 
the recorder stood its ground while Hazel slapped it with 
buffeting gusts which repeatedly approached 100 mph. 
and once reached 130. Then Hazel picked up the 10’ x 8’ 
weather platform and slammed it to the roof. That did it. 
Although Hazel herself had not damaged the device the 
fall ended one of the stiffest instrument tests on record. 


SHADOGRAPH — Bourdon-operated 


Vacuum Switch 


F a = s ~ © hi 
asi, recision elg Ing PHILA., PA.—Patent No. 2,356,174 reveals a device of 


potential usefulness in automatic control. It is a vacuum- 
enclosed electric switch operated by a Bourdon-tube ele- 





SHADOGRAPH’S shadow-edge indication is 
projected by a beam of light, eliminating all fric- 


tion of indicating mechanism and increasing 





visible accuracy over 300%. Greater speed is 











achieved through reduction of lever movement 





and by the action of an adjustable damping 





device. Accurate reading can be made from 
any angle without danger of parallax. Ideal a enclosed in the singe chamber. Application 

possibilities exist wherever an explosion-proof high-power 
switch is needed that can be operated by small movements, 
; temperature-induced fluid expansions, pressure changes, 
costly materials, or for dozens of other uses etc. The patent is available for licensing or purchase from 
Mr. H. Olken, 1042 Beech Ave., Glenolden, Pa. 


for precise compounding, for weighing very 


calling for extreme accuracy. Available in ca- 


acities yrams to 7 5; SENsitivity ° ) 
pacities from 50 grams to 75 pounds; sensitivity Analvtieal Instrument Clinie 
as fine as 12 milligrams. Send coupon today! e ; 
PHILADELPHIA, PA.—-The penetration of instrumen- 
tation into the chemical laboratory and industrial plant was 
demonstrated by the registration of 500 engineers and sci- 
entists at the Third Analytical Instrument Clinic; instru- 


Oo ments worth over $100,000.00 were used for the course. 
MaG fi @)}| fi The companies that furnished instructors and instruments 
were the Applied Research Laboratories, Bausch & Lomb, 
Better quality control l Beckman Instruments, Inc., Consolidated Engineering Cor- 
Better cost control {27} és poration, General Electric, Liston-Becker, and Varian As- 
sociates. The instruments covered were: X-Ray Quantom- 
THE EXACT WEIGHT SCALE COMPANY eter, Littrow-Echelle Spectrograph, Infrared Spectrometer. 
951 W. Fifth Avenue, Columbus 8, Ohio Process Monitoring Mass Spectrometer, lon Resonance 
in Canada: P. O. Box 179, Station $, Toronto 18, Ont. Mass Spectrometer, Non-Dispersion Infrared Analyzer, and 
Nuclear Magnetic Resonance Spectrometer. Every instru- 
Please send details on SHADOGRAPH ment functioned properly for the whole period. 
The Analytical Instrument Clinic Committee is a sub- ' 
Name .....esseceesccccevsscceeccccsecs eeeeee. . committee of the Analysis Instrumentation Committee, 
Add ISA. The chairman of the latter is Mr. T. C. Wherry. The 
GOTOCBS 2. eee ceenaeereeeseees eee eereeeeeee ee eee eeeee Te . . . 
Clinic committee is composed of Dr. E. J. Rosenbaum, Dr. 
Ralph Munch, Mr Ellis Rump, and Dr. Axel H. Peterson, 


Chairman. 


Sales and Service from Coast to Coast 


ee | 
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The Turret On Top 
Does The Trick 


Illustrating how the speed chang- 
ing turrets ore applied to the 
chart arbor to provide a wide 
selection of rotation rates. 











Is Your Chart Drive 
Inventory Ready 
for Cold Weather? 


JUST STOCK BASIC 


ROCKWELL CHART DRIVES 


plus a selection of inexpensive 


SPEED CHANGING TURRETS 


FOR REPLACEMENT SERVICE, the Rockwell chart drive is 
the most versatile, economical you can use. Design dimen- 
sions were deliberately established so that the drive can 
be adapted to fit practically all instruments. One adaptor 
is furnished with each drive. There is no problem with 
rotation rates either. Speed changing turrets lock onto the 
chart arbor of the Rockwell drive to provide any one of 11 
rotation cycles. Think what these features mean to you in 
reduced chart drive inventory, servicing and all-around 
flexibility of application. 

Get facts now on versatile, long-lived Rockwell chart 
drives. Learn how their use in your instrument shop will 
save time and money. Write for bulletin 1079. 


ADAPTORS TO FIT PRACTICALLY 
ANY INSTRUMENT 


nr 


Illustrations show how adaptors are used to correctly 
locate Rockwell chart drives within instrument cases 
both as to position and height. 


YOU CAN RELY & ON ROCKWELL 


ROCKWELL MANUFACTURING COMPANY 
INSTRUMENT DIVISION * BOX 2396, TULSA, OKLA. 


Atlanta « Boston « Charlotte *« Chicago * Dallas * Houston 
los Angeles ¢ NN. Kansas City, Mo. * New York «¢ Philadelphia «+ Pittsburgh 
San Francisco * Seattle « Tulsa 


y cara 
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ore information cir 


HIGH VOLUME PRODUCTION of silicon semiconductor 
devices enables Texas Instruments to offer you an en- 
larged line of five types of silicon transistors and two 
types of silicon junction diodes . . . all available for 
immediate delivery in production quantities! 














TRANSISTOR 
TYPES 


SILICON TRANSISTORS-produced commercially by and 
available only from Texas Instruments — are now avail- 
able with alpha (current amplification factor) to over 


0.975 and with alpha cutoff frequency to over 8 mega- 
cycles . . . stable to 150° Centigrade (302° F)! 




















SILICON JUNCTION DIODES are also manufactured by 
Texas Instruments from grown single crystals and feature 
back currents as low as 0.001 microamp and safe opera- 
tion to 150° Centigrade! All TI semiconductor devices — 
silicon or germanium; diodes, triodes and tetrodes — are 
made with glass-to-metal hermetic seals. 


WRITE FOR LITERATURE on semiconductor 
devices in the widest range available today! 


TEXAS INSTRUMENTS 


INCORPORATED 
6000 LEMMON AVENUE DALLAS 9, TEXAS 
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Transistorized Computer 
POUGHKEEPSIE, N. Y.—An experimental “all-tran- 


sistor” calculator with a computing unit about one-half 
the size and requiring only 5-percent as much power as a 


ret, 


era 


comparable vacuum tube unit was demonstrated at a press 
preview of IBM’s new Poughkeepsie, N. Y., research lab- 
oratory. 

The new machine is comparable in capacity to IBM’s 
“Type 604” electronic calculator, of which over 2,000 are 
in use, it was said. (The 604 uses 1,250 vacuum tubes.) 
While their speeds are similar, the two machines pro- 
vided a sharp contrast in size. This experimental engineer- 
ing model is believed to be the first fully-operative tran- 
sistorized computer complete with automatic input and 
output. More than 2,200 transistors are used in the ma- 


chine. 
SIMAC 


NEW YORK, N.Y.—“SIMAC,” the first instrument si- 
multaneously applying ultrasonics and digital automation 
to parts inspection as production-line procedure, has been 
developed by Sperry Products, Inc., of Danbury, Conn., at 
a cost of $300,000. “SIMAC” means sonic inspection, meas- 
urement, and control. It is being installed in the Quality 
Control Department of Allison Division, General Motors 
Corp., specifically for the inspection of jet engine rotor 
forgings and other unfinished engine parts. 

Completely scanning a circular part mounted on a rotat- 
ing turntable immersed in water, the instrument beams 
ultrasonic waves into the specimen undergoing inspection, 
sequence of the test being automatic. Beams reflected by 
structural discontinuities, which may be defects, are logged 
on a circular chart which becomes a record to aid inter- 





Make sure — 
get genuine Bristol 


replacement parts 
for your Bristol instrument 





© Let's face it. The best instrument parts wear out. 
We make ours as accurate, as dependable and as 
long-lived as possible. But, eventually, some parts 
must be replaced. And when that time comes, it 
doesn’t make sense to risk your original investment 
in a Bristol instrument by buying a doubtful 
replacement part. 


All Bristol parts are designed, engineered and 
inspected to fit a specific instrument, to perform 
with complete accuracy even under the most rug- 
ged service conditions. 

You wanted the best — and you got it, when you 
bought Bristol. So don’t take chances when it comes 
to replacement parts. Only genuine Bristol parts are 
made to original Bristol blueprints; naturally they'll 
fit better and perform better — longer. Remember, 
Bristol knows Bristol best. Write to the Bristol 
Company, 113 Bristol Road, Waterbury 20, Conn. 


BRISTOL = 


Points the Way in Human-Engineered Instrumentation 


AUTOMATIC CONTROLLING, RECORDING AND 
TELEMETERING INSTRUMENTS 
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tank thermostat 
valve 














No. 1449 


with 7 
important advantages.. 


* LONG LIFE HARDENED METAL BALL INNER VALVE 
* TROUBLE-FREE ONE-PIECE METAL BELLOWS 

* BUILT-IN OVERHEAT PROTECTION 

* QUICK, UNIFORM THROTTLING ACTION 

* POSITIVE, TIGHT CLOSING 

+ WIDE SELECTION OF TEMPERATURE RANGES 

* GENEROUS 50° ADJUSTMENT RANGE 


For dependable, low-cost temperature control, select this NEW 
. + « perfected to give the service 


maintenance. Write for complete details or request litera- 
ture from your supply house or Klipfel Distributor, listed 
in the classified telephone directory. 


No. 1549 — Pilot-operated 
Temperature Regulating 
Valve . . . sensitive, posi- 


tive control for high 
pressure, larger sizes. 





2 MORE MONEY-SAVING 
KLIPFEL CONTROLS 





No. 1649 — Combination 
Temperature and Pressure 
Control . . . single main 
valve with temperature 

and pressure control 

saves cost and labor! 


Trouble-Free 
Heart of the Valve 


Rotating ball seats 
perfectly .. . is self- 
cleaning . . . gives 
streamlined flow! 


VALVES, INC. 


1070 LINCOLN AVE. 
HAMILTON, OHIO 


Export Office-—1010 Schaff Building, Philadelphia 2, Pa. 
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pretation and filing. Detection of defects in advance of 
machining can achieve obviously substantial economies. 

The complete installation comprises a scanning machine 
(left), recorder (center), control cabinet and electronic 
console (right), which is also a monitoring station. There 
are two accessory units—a punch for preparing a program- 
controlling tape, and a set-up table. 


Computer Instruction 
PASADENA, CALIF.—-“College of Computer Knowl- 


edge” at ElectroData Corporation’s Computing Center, 
Pasadena, California, acquaints customers, prospective 


users, and future industrial planners with fundamentals of 
electronic computation. Here ElectroData Computer control 
panel is demonstrated to coding class which is learning to 
translate business problems into computer language. 


New Seale Indicator 


LOS ANGELES, CALIF.—Patent 2,678,621, granted 
May 18, 1954 to Robert E. Proctor, 3163 Sawtelle Blvd., 
Los Angeles, provides simple effective means for obtaining 











a 


100 10 120 


a rectilinear scale indicator from helical line or ribbon 
marked on cylinder or conical surface. A cylindrical lens 
of convex cross-section refracts rays of light from the en- 
graved inclined line so that the inclined line, when viewed 
through the lens, appears erect. The small portion of the 
outer rays that are not so refracted. is hidden by lens-sup- 
porting structure so that only vertical line appears. 








e Excellent Regulation and Stabilization 
e@ Minimum Waveform Distortion 


e Wide Input Range 
TABI T 3 - | 
e Adjustable Output Voltage conti = of ! - : —- 135 Volts, 60 cycles 


e Insensitivity to Frequency Changes 
The circuit diagram shows how the error detector, the 


amplifier and power control circuit are combined in a 
STABILINE Type IE to deliver stabilized and regulated a-c voltage. 


You will find a combination of circuit simplicity and mechanical ruggedness in 
STABILINE Automatic Voltage Regulators Type IE. Send us the details of your specific 
requirements or use the coupon below. Numerous models are 
offered in capacities from 0.25 to 5.0 KVA. 


Visit Superior Electric's 
Mobile Display when 


it visits your area. " almantieedpanimanina tenateantiee: 4.120: setacaateaetaraieaineatentaaataas: 


THE SUPERIOR ELECTRIC CO. 

712 Clarke Ave., Bristol, Conn. 

Please send Bulletin S351 on STABILINE 
Automatic Voltage Regulators. 


fy PORNORs ccc cccncecccdecerceccccsedersecs oe: erccencesceseccncesseces . 
712 Clarke Ave., Bristol, Conn. 
Manufacturers of: Powerstat Variable Transformers * Stabiline Automatic 


Voltage Regulators * Voltbox A-C Power Supplies « Powerstat Light Dimming 
Equipment ¢ Varicell D-C Power Supplies * Superior 5-Way Binding Posts 


Company Nome 


Company Address 


a aR ae Me 
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BACK OF AUTRONIC graphic con 
trol panel. Note simple electric 
wiring, absence of expensive-to 


install tubing 


AUTRONIC CONTROL offers in 
finite sensitivity due to elimina 
tion of moving parts which are 
affected by friction. Reproduc 


ibility is .] percent 





Swartwout Autronic System 


featured in first complete 
refinery unit with electronic controls 


Pioneering is not new to Rock Island Refining Corp., the 
first refinery in the world to install a graphic panel. And now 
Rock Island scores another ‘'first’’—-a complete refining unit 
instrumented and controlled by electronics, the revolutionary 
step forward in sensitive, precise process control. 

For this history-making installation, Universal Oil Products 
Co. designed and engineered a Platforming unit to produce 
motor fuel blending component. UOP’s instrument department 
engineered the installation of Swartwout’s electronic Autronic 
Control System 

The Autronic System worked perfectly from the beginning. 
Only 3 hours after startup, the unit was completely “‘lined- 
out’ and operating smoothly. The Swartwout Autronic Con- 
trol System results in better control because of increased 
sensitivity of clectric impulses... increases reliability of 


PLATFORMING AREA of Rock Island Refinery, Indianapolis, ind., : ; 
operation in cold weather by eliminating freeze-ups . . 


first refinery in the U. S, to be controlled electronically. from ; : ‘ 
110 ¢, splitter ond stabilizer columns, reactors, reactor charge eliminates pneumatic tubing racks thus reducing installation 


heater. Photos: Courtesy Universal Oil Products Company. costs and problems concerned with startup and maintenance. 





Wet =—«<comtmon system ¢ 


THE SWARTWOUT COMPANY ~- 18511 EUCLID AVENUE - CLEVELAND 12 - OHIO 
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due to wrap- 
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around windows, t 
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r etru- 


“ 
MY: 


make the 901 group the most 

precision portables available. Gopaph 

tions and prices available in bulletir ; 

the WESTON representative in your vicinity. .% 
WESTON Electrical Instrument Corporation, 614 
Frelinghuysen Avenue, Newark 5, New Jersey. 


ore inform 


. 
Additions 


to this comprehensive line of 


MODERN PRECISION PORTABLES 


WESTON 901 LINE 
D-C 

© Voltmeters 

@ Volt-Ammeters 

© Ammeters 


®@ Milliammeters 


A-C 

© Voltmeters 

© 8 Range Voltmeters* 
© Ammeters 

e 7 Range Ammeters * 
@ Milliammeters 


A-C and D-C 
single-phase Wattmeters* 


9 j 


WESTON 
Suilamenl 
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e WHAT'S NEW AT BRISTOL « « « 


eet is? allo = ‘ re 


BRISTOL'S “HUMAN-ENGINEERED” METAGRAPHIC RECORDER, 

with its easy-to-read scale, high-visibility fluorescent 

pointers and shadow-proof door has earned a reputation as 

the “biggest miniature in the industry”. There’s no switch- 

ing necessary to get a reading of the control valve position. 
Ror mor f 


e@ information 





The continuous valve-position indication, separate from 
set-point indication, gives continuous data on control valve 
position and process level. The high-precision, two-stage, 
no-drift set-point regulator has high-capacity (3 scfm) 
output for fast manual control in emergencies. 
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Instrument men call Bristol’s METAGRAPHIC Recorder 


". «the biggest little 
instrument in the industry" 


Sounds contradictory, but it’s true. Take a look at 
one of our new METAGRAPHICS mounted on a panel 
board alongside of other instruments. The Bristol 
unit stands out — seems bigger than the rest — al- 
though chances are it’s actually smaller (5x 5%”). 
The answer is that the Bristol instruments have 
been “human-engineered”, making them easy to 


























TRUE PLUG-IN SERVICE is a big advantage to the operating 


in an instrument, the doubt- 


man. If trouble is suspecte 
and a spare plugged in in a 


ful unit can be remov 


matter of seconds, with no interruption in the process 
operation, no loss of air, no loss of control. 





BRISTOL 


AUTOMATIC CONTROLLING, RECORDING 





read, and clearly visible at greater distances. 

To meet the increasing need for miniature 
instruments, we didn’t simply scale down one of 
our larger recorders, we designed a completely 
new unit, creating a smaller instrument with all 
the advantages of the large one. In other words, 
the new METAGRAPHIC is a “big” little recorder. 


“Human-engineered” METAGRAPHIC records 
pressure, temperature, vacuum, flow, 
differential pressure, and liquid level 


Here are some of the advantages of the air-operated 
Metagraphic Recorders: 


SIMPLICITY . . . fewer moving parts, fewer adjustments, 
and less service required. Range changes can be made in 
seconds. 


CONTINUOUS VALVE-POSITION INDICATION .. . on 
same instrument scale as set-point scale, gives con- 
tinuous data on control valve position—makes “bump- 
less” transfer possible simply by matching pointer 
positions — no need to read actual scale values — 
minimizes reading errors — speeds operations. 


TRUE PLUG-IN SERVICE . . . provides great savings in instal- 
lation costs. Cases can be ordered and installed before 
selecting range and type of control. Instruments can be 
plugged in later or interchanged at will. This adds up to 
a big advantage to the process design engineer — he 
doesn’t need to make decisions during the design stage 
that can’t be easily changed later. 


CONTINUOUS OPERATION .. . complete unit can be 
retracted for inking pen, and for set-point and zero 
adjustment without disturbing record or control. 


Get the whole story on the “human-engineered” 
METAGRAPHICS — how they can help you get more 
accurate measurements, faster and easier. Write us 
today. The Bristol Company, 113 Bristol Road, 
Waterbury 20, Conn. 


POINTS THE WAY IN 
HUMAN-ENGINEERED INSTRUMENTATION 


AND 
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TELEMETERING INSTRUMENTS 





Fully automatic instrument air 
dryer... BY-type Lectrodryer 


DRY AIR 


Even on the most arid desert, air is wet! Else- 
where, it’s wetter. Hence, if you need dry air, 
you must use machinery to get it. 

A Lectrodryer* is an air drying machine. 
With it you can dry great volumes of air in a 
continuous flow to prescribed low dewpoints. 
You can reduce the moisture content of air 
to a stable constant! 

Lectrodryer machines can drop air to dew- 
points below —100°F ... reduce relative 
humidity below 10%. 

There’s probably a Lectrodryer already built 
that meets your drying need. The largest (for 
a wind tunnel) dries three tons of air per 
minute to a dewpoint of —70° F. Smaller 


Se SAD 


and how fo get it... 


machines are preserving the interior of Navy 
ships of the ““Mothball Fleet” by maintaining 
a constant relative humidity below 30%. 

Besides air drying, there are Lectrodryers 
that dry many gases and organic liquids, 
handling pressures as high as 6000 psi. 

If you use air, give some thought to drying 
it with a Lectrodryer. Write for Because 
Moisture Isn't Pink, a booklet describing 
Lectrodryers and how industries have used 
them. Request also, The Moisture In Our 
Atmosphere, a technical booklet on the nature, 
behavior and measurement of water vapor. 
Both are free! Pittsburgh Lectrodryer Corpo- 
ration, 330 32nd Street, Pittsburgh 30, Pa. 


LABORATORY LECTRODRYER 


$15500 
F.O.B. 
Pittsburgh 


If your experimentation requires small quantities of dry air or other gases, a Laboratory 
Lectrodryer will help you greatly. Rated at 100 cubic feet per hour, these machines have in many 
cases provided the dryness in research that has led to large savings in production. 


In England: Birlec, Limited, Tyburn Road, Erdington, Birmingham. 
in France: Stein et Roubaix, 24 Rue Erlanger, Paris XVI 
in Belgium: S. A. Belge Stein et Roubaix, 320 Rue du Moulin, Bressoux-Liege. 


Sr a nn cams 


LECTRODRYER 


* REGISTERED TRADEMARK U.S. PAT. OFF 


EA RRL 8) LT 
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New variety of CLARE 
Type J Relay 


provides a power relay 
as sensitive and accurate 
as telephone-type relay 


The new CLARE Type J Relay has all the advantages 
of the small size, light weight and sturdy construction 
which makes the standard Type J Relay so popular 
with designers of electrical and electronic equipment. 

Increased current carrying capacity is provided by 
the use of Code 18 (Silver) heavy duty contacts which 
are riveted to the springs. A combination of the 
standard Type J twin contacts and the new heavy 
duty contacts is also available. 

Nominal rating of this new Type J Relay is: 10 
amperes, 115 volts a-c (resistive); 10 amperes, 274 
volts d-c. The relay is 2%" long, 114” wide and 134” 
high with two Form C contacts. 

Long life and increased adjustment stability is pro- 
vided by a new hinge-type armature. The new heavy- 
duty yoke has a stainless steel pivot pin with a large 
bearing surface which turns in precisely reamed bear- 
ings of nonferrous material. 


For complete information write for CLARE 
Bulletin No. 119. For information on other variations 
of the Type J Relay send for our Engineering 

Data Book. Address: C. P. Clare & Co., 

3101 West Pratt Blud., Chicago 45, Illinois. In 
Canada: Canadian Line Materials Ltd., Toronto 13. 
Cable Address: CLARELAY. 
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Handles inrush current of 50 
amperes for 50,000 operations 
—rating of 10 amperes, 27'4 
volts d-c. 













tions on motor load of 6 am- 
peres—inrush current of 15 
amperes—at 70,000 feet alti- 
tude. 






° Has exceeded 500,000 opera- 











Standard Type J Relay with 
independent twin contacts 


















Type JV Video Relay 
for high frequency currents 







CLARE 
RELAYS 


in the industrial field 











Convert to 


Dual Channel 


Operation in 
the Range of 


DC to 15 MC 


A one microsecond rectangular 
pulse was fed to both channels of 
the Electronic Switch. Note lack of 
relative phase shift and excellent 
response of both channels 


... using any Single-Channel Oscillograph 
with the 


W DU MONT 
TYPE 330 ELECTRONIC SWITCH 


This is the answer to those studies requiring compari- 
son between two or more functions. Maximum time shift 
between the channels of the Type 330 is within one milli- 
microsecond. Both channels may be adjusted for unity 
gain making it a simple matter to superimpose two 
phenomena for very precise time, phase or amplitude 
comparison. 


The new Du Mont Type 330 Electronic Switch is a self- 
contained accessory for oscillography that permits . . . 


1. Converting any single-beam oscillograph into a 
dual-channel instrument. 
2. Adding a channel to any multi-channel instrument. 
3. As a chopper, converting an a-c oscillograph for 
d-c measurement. Three free-running switching rates, IKC, 10OKC and 
100KC, or triggered operation allow selection for best 
presentation on the cathode-ray oscillograph. The Type 
330 can be connected into a test setup or disconnected 
as the need arises. 


Within the range of DC to 15 MC, the Type 330 is 
limited only by the characteristics of the cathode-ray 
oscillograph being used. 


MAJOR SPECIFICATIONS 
SIGNAL CHANNELS 20, 40, 100, 200, and 400; accuracy 


I. Sinusoidal Frequency Response: with of attenuators + 2%. 


an output load of 60 uuf,either chan- IV. 


nel, flat to d.c. and down not more 
than 3 db at 15 me. 

Amplifier Rise Time: with, external 
load of 60 uuf, no greater than 0.022 
usec, 


. Variable Attenuator: Each channel 


has two series stepped attenuators 
with attenuation ratios of 1, 2, 4, 10, 


Output: Level is zero volts d.c. with 
no signal or positioning voltage; 
positioning controls provide +1 volt 
of d.c. positioning voltage. 


SWITCHING 


. Recurrent: Free-running, fixed fre- 


quencies of approximately 1 KC, 10 
KC and 100 KC; Triggered, rate may 
be triggered at 0 to 100 KC rates. 


PRICE $295 


1) Monr WRITE FOR COMPLETE INFORMATION 
Dp ALLEN B. DU MONT LABORATORIES, INC. 


INSTRUMENT DIVISION 


For 
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760 BLOOMFIELD AVENUE « CLIFTON, N. J, 





vs Ring Balance Meter 
beats the high cost 


of Permanent 


Pressure Loss! 


It works out like this: 


Using an Expensive Primary Element. . . 
10% of 100” full scale differential is 10’ PPL 


Using a Low Cost Primary Element . . . 50% 
of 6” full scale differential is only 3’’ PPL 


The Hagan Ring Balance Meter is particularly adapted for accu- 
rate operation at full scale differentials as low as 1'’ WC, with 
any type of primary element. In many applications, by choosing 
a low cost, low differential element, with a PPL of 50% or more, 
and measuring the flow with a Ring Balance Meter, the actual 
permanent pressure loss is low. In the example shown above, it 
is only a third of the actual PPL sustained with a high cost, high 
differential primary element. Here is positive, long range economy 
... lower pumping costs result from reduced horsepower requirement. 

This is an example of how Hagan experience and engineering 
skill can reduce costs. Hagan engineers will be glad to recommend 
the most economical solution to your metering problem. 


Bee HAGAN CORPORATION 


HALL HaGAN BUILDING PITTsBURGH 30, PENNSYLVANIA 
hie ety Boiler Combustion Control Systems, Ring Balance Flow and Pres- 
sure Instruments . . . Metallurgical Furnace Control Systems . . . 
Control Systems for Automotive and Aeronautical Testing Facilities 
For more information circle 27 on inquiry card 
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Nash Instrument Air Compressors 
_ deliver only clean air, free from 
oil or dust, and without filters 


DISCHARGE 
PORT 





J | 


_— HARGE 


DISCHARGE 
PORT 














You can dispense with oil filters and dust filters when 
you install ®Nash® Clean Air Compressors. You can save 
the cost of maintaining these devices. You can greatly 
reduce instrument maintenance costs. For the Nash em- 
ploys no internal lubrication, therefore no troublesome 
oil is in the delivered air. Moreover, air from a Nash 
is thoroughly washed and cooled as it passes thru the 
pump. Dust in the plant atmosphere, even fly ash, is im- 
mediately removed. 

®Nash® Clean Air Compressors are simple, with only 
one moving element. No valves, gears, pistons, sliding over a long pump life. 
vanes, or other enemies of long life and constant perform- 
ance complicate a Nash. No aftercoolers are needed. You Low maintenance cost. 
will find it profitable to investigate these pumps, now. BILL ALLL OL OLD LL 


NAS ENGINEERING COMPANY 
370 WILSON, SO. NORWALK, CONN. 
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No oil filters. 
No dust filters. 


No internal lubrication to 
contaminate air handled. 


No internal wearing parts. 

No valves, pistons, or vanes. 
Non-pulsating pressure. 
Original performance constant 


HOUVHOVOOUVOASOSOODUALANORPEOODANAOAUODE UAHA UAHA 
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PER CENT 


ZONE OF MAXIMUM 
COMBUSTION EFFICIENCY 


UNBURNED GAS 
Loss EXCESS AIR LOSS 


HEAT LOST IN FLUE GASES 














TOTAL AIR - PER CENT 


The new Bailey Oxygen-Combustibles Analyzer-Recorder (shown at 
right) provides a continuous two-in-one check of combustion efficiency 
by recording both oxygen and combustibles in flue gas. As shown by 
above chart, both measurements are needed to determine combustion 
efficiency. 


BAILEY announces.-.-. 


New 2 in 1 way to measure 
Combustion Efficiency 


The new Bailey Oxygen-Combustibles Analyzer-Recorder gives you a continuing double 


check on combustion economy. [t's fast response measures and records: 
1. Excess air—regardless of the fuel or combinations of fuels being burned. 


2. The mixing efficiency of your fuel-burning equipment —by indicating the amount 
of combustibles in your flue gas, resulting from incomplete mixing of fuel and air. 


Combustion efficiency depends upon fuel-air 
ratio. ‘Too much fuel can be even more costly than 
too much air. And because of the interdependence 
of these two factors, no control that measures only 


one of them can give you complete protection. 


Now, for the first time, you ean check both with 
a single fast acting instrument, using the new 


Bailey Oxygen-Combustibles Analyzer-Recorder 


for industrial furnaces, kilns, heaters and boilers. 


Fuel economy improves as excess air is reduced 


—until unburned fuel begins to shew up in the flue gas. 
When this happens, combustion efficiency drops off 


sharply if there are further decreases in the air-fuel 
ratio. That’s why combustion gases must be ana- 
lyzed for both oxygen and combustibles to get a true 
indication of efficieney—and that is why Bailey 
coordinates both measurements on the same chart, 
to show when excess air may be reduced safely with- 


out danger of greater losses from unburned gases. 


The Bailey Oxygen-Combustibles Analyzer is 


an approved combustion safeguard. 


Ask your local Bailey engineer for suggestions 
on application. Equipment details in Product 


Specifications K65-1 and 12-5. P31-1 


BAILEY METER COMPANY 


1041 IVANHOE ROAD @® CLEVELAND 10, OHIO 


NSTRUMENTS 
AND CONTROLS 


ry card, 
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Here's a New 


"“Trarric Cop’ 


for short high-speed runs 


d Evidence 


Adde 
that— 


This new small Predetermining Ratchet Counter is 
set for any run up to 1,000 counts, pieces or other 
units by the three knurled setting knobs. Then it 
subtracts to zero, and at that point actuates a con- 
tact to light a light, ring a bell or stop the machine. 
Compact and easy to reset, this counter makes an 
attractive new selling feature when built into a ma- 


VEEDER-ROOT INCORPORATED 
HARTFORD 2, CONNECTICUT 


Everyone Can Count on 


VEEDER-ROOT 


chine as a standard integral part. And it’s just one 
of scores of standard and special Veeder-Root 
Counters for every mechanical and electrical appli- 
cation in any field from atomics to automation. 
What would you like to count? Let Veeder-Root 
figure out how to do it. Write: 


Chicago 6, Ill. » New York 19,N. Y. + Greenville, S. C. 
Montreal 2, Canada Dundee, Scotiand 
Offices and Agents in Principal Cities 


Y® “The Name that Counts’”’ 


For more information circle 29 on inquiry card. 
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~ ANALYZER 


Highly sensitive to changes 
in oxygen content. 


Rapid response to changes 
in oxygen content. 


No liquid or gaseous fuel 
required to be added 
to gas sample. 


No chemicals required. 
High accuracy maintained. 


Not affected by wide 
variation in rate of flow 
of gas sample. 


Rugged construction. No 
delicate of moving parts. 

Easily installed — no 
speciol fittings required. 





Self-balancing bridge circuit assures 
accurate, permanent calibration. 


Electronic amplifier has no moving 
parts. High sensitivity. Rugged. 


Immediate respense—onalyzer is 
continuously connected to 
recording pen drive motor. 


As many as four analyses can be 
recorded on the same chart. 


Range can be changed easily 
in the field. 


Isolating transformer for each 
amplifier removes line interference 
from bridge circuit. 


Extra slide wire available for control, 
remote indication—for recorder or 
contacts for alarm circuit. 


Oxygen is unique among other common gases in that 
it is highly paramagnetic (attracted into a magnetic 
field). This property of oxygen is the basis of the 
operation of the Hays Magno-Therm Analyzer in the 
analysis of industrial gases. 


application 


Hundreds of companies are using the Hays Magno- 
Therm O» Analyzer and Recorder in applications from 
revivification of SOg removers in manufactured gas 
industry and regeneration of catalysts in oil refineries 
to mixing air with propane to get substitute fuel. 
Boiler plants use it as a combustion guide because it 
is the only means of getting an undistorted picture of 
excess air. 


Write today for bulletin 52-829-56 and get com- 
plete details, 


Automatic Combustion Control 
Boiler Panels © COs Recorders 
Veriflow Meters and Veritrol 
Gas Analyzers * Draft Gages 
Combustion Test Sets 


Electronic Oxygen Recorders 


CORPORATION 
Fe | 
Michigan City 8, Indiana 


Electronic Flowmeters 
Electronic Feed Water Controls 
Minioture Remote Indicators 
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TYPE-PT 


CRESCENT 


POLYETHYLENE 


MULTITUBE 


For Economy with Lasting Dependability 
in your Instrument Tubing Problems 





CRESCENT POLYETHYLENE MULTITUBE is com- 
posed of 2 to 19, 14.” 0. p. Polyethylene tubes up to 1000 
feet in length, spirally cabled together to allow bending 
with a short radius without distortion of the tubes. The 
tubing assemblies are protected by a flexible interlocked 
galvanized steel armor (Type PA), or by a tough cor- 
rosion-resistant thermoplastic sheath (Type PT). One 
bright blue tube in each layer permits a ready identifi- 
cation of each tube at both ends for ease of connection. 


TYPE PA—The galvanized steel armor provides com- 
plete protection from injury during and after installation. 
In the event of fire, the molten Polyethylene is retained 
within the armor. 

TYPE PT—The polyvinyl! chloride thermoplastic 
sheath provides good mechanical resistance, with com- 
plete corrosion resistance, and it is flame retarding. 

Economy is achieved in the initial cost of CRESCENT 
POLYETHYLENE MULTITUBE and its accessories, as 
well as in substantial savings in labor costs of installation. 
Moderate to long length runs of light weight and compact 
MULTITUBE assemblies result in fewer connections and 
fittings, lower cost for supports or racks, ease of mount- 
ing, less space being used. 

CRESCENT POLYETHYLENE MULTITUBE can be 


pulled through conduit or raceways. 


CRESCENT 


INSULATED WIRE & CABLE CO. 


OLDEN & TAYLOR STS., TRENTON, NEW JERSEY 
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Here’s why it pays 


your 


HARRY SPONGBERG, Honeywell Sup- 
plies Man in the Chicago area, helps 
Chester Pickrell of the Crane Co. 
choose the most advantageous grade 
of Brown thermocouple wire to work 
with his ElectroniK instruments .. . 
and points out the quality features of 
Brown wire that spell long service and 
consistent precision of measurement. 


Personal, specialized assistance by 


to know 


your HSM brings you the best in 
quality, economy and convenience for 
all your purchasing of pyrometer sup- 
plies. An individualized HSM Plan for 
your plant can save you money 
simplify your inventory . . . speed your 
ordering. 


Your local HSM will be glad to survey 
your requirements. Call him today... 
at your local Honeywell office . . . as 
near to you as your phone. 


MINNEAPOLIS-HONEYWELL REGU- 
LATOR Co., Industrial Division, Wayne 
and Windrim Avenues, Philadelphia 
44, Penna. 


NM WEA PROEtT S 




















@ REFERENCE DATA: Write for Pyrometer 
Supplies Buyers’ Guide No. 100-5... and 
for new booklet, “‘The HSM Plan,” 


Honeywell 


NST RO MEN TS 


iat iw Controls 


HONEYWELL 


BROWN 1 
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PROJECTS ? 


Call on L&N’s Experience 
in Automatic Measurements 


Whether your project involves jet engines 
or atomic energy—-guided missiles or radar 
component performance tests or automatic 
weather stations... you may well want the 
latest data on electronic recorders for research 
and testing. Without revealing any secrets, 
you can easily give us the facts which will pro- 
duce a recorder exactly suited to your needs. 
More than 350 types of measuring circuits 
are available, each designed for a specific appli- 
cation in research or production. A few of the 
specialized L&N recorders using these circuits 


Speedomax Polar Recorder .. . automatically 
plots distribution curves of antenna or sonar pat- 
terns, light distribution patterns, computer out- 
puts, etc. See Data Sheet E-ND46(5). 


Speedomax Millivolt Recorders . . . widely used 
wherever it is possible to reduce the measured 
quantity to millivolts . .. are available in a com- 
plete line of instruments. See L&N Sales Offices. 


Speedomax AZAR Recorder .. . an adjustable 
zero, adjustable range instrument... is used to 
record the results of tests covering various ranges. 
See Data Sheet E-ND46(4). 


Speedomax 160 Point Recorder Assembly ... 
uses banks of 20 auxiliary stepping switches to 


instruments 


97 
i 


for research applications are listed below. 

These high performance, low maintenance 
instruments can be calibrated in temperature 
F or C, millivolts, pH, load, conductivity, rpm, 
etc., according to the type and form of informa- 
tion you require. If your top secret measuring 
problems can be reduced to basic electrical 
quantities, just tell us the instrument’s range 
and the type of transducer used .. . nothing 
more. Consult your nearest L&N Office, 
or write to Leeds & Northrup Company, 4955 
Stenton Ave., Philadelphia 44, Pa. 


scan and record as many as 160 temperatures in 1! 
minutes. See Data Sheet ND46(24). 


Speedomax X-Y Recorder... plots a curve 
showing the relationship between any two inter- 
dependent variables. See Data Sheet E-ND46(1). 


Speedomax X,-X, Recorder .. . plots two elec- 
trical signals simultaneously against time on one 
chart. See Data Sheet E-ND46(3). 


Speedomax High-Precision Temperature Re- 
corder ... plots resistance of platinum ther- 
mometers equivalent to a range of — 260 to +500 
C with an accuracy of +0.01 C. See Folder 
ND46-33-240(1). 


Packaged Control Systems... for complete 
measurement and control of reactors, test cells, 
etc. No publication available for this as they are 
tailored to your specific needs. 





NORTHRUP 











automatic controls ¢ furnaces 
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Editorial... 





Instruments 
end AUTOMATION 








FIRST AUTOMATION EXPOSITION 


NTENSE interest has been generated at all levels of 

our society about “automation.” This interest cul- 

minated in a highly successful and interesting First 
International Automation Exposition, held Nov. 29 to Dee. 
2 in New York City. As expected, top-management rep- 
resentatives of most major industrial producers came to 
see the new developments in the field of automatic control. 
But, for the first time, representatives of finance, labor, 
news services and educational institutions came from all 
parts of the world to monitor an industrial exposition. 
They came because of the social and economic implica- 
tions of automatic control for all segments of society. 
They came to see what devices comprise the field of auto- 
mation, what applications have been found for these 
devices, and how they might affect our way of life. 

They saw the most advanced techniques for automatic 
control of plant, factory, and office operations. All new 
techniques were represented—-(1) digital techniques, in- 
cluding analog-to-digital conversion, and direct digitized 
readout and printout of process variables, (2) automatic 
machine-tool control, (3) centralized automatic process 
control, (4) electronic computers and data processors, 
(5) telemetering techniques, and (6) servomechanisms 
and components. The newest features of each of these 
fields were displayed: 


Computers 

Highlights of the Exposition were the Computer Clinic 
and the complete coverage of electronic computers. Com- 
puting equipments of Austin (special-purpose computers) . 
Donner Scientific (small analog), Bendix (digital), Elec- 
tronic Associates (analog), Goodyear (analog), Inter- 
national Business Machines (data systems) and Rem- 
ington Rand (data systems) were featured. A wealth of 
perspective and application data was delivered via the 
Computer Clinic, which was successful in combining the 
exhibited devices with lectures and demonstrations on 
applications. The Clinic attracted registrants from all 
phases of industry and finance--and from all parts of 
the U.S. These practical lectures will be made available 
via a COMPUTER HANDBOOK, now in preparation. 


Digital Techniques 

Digital techniques are growing in importance. On dis- 
play were the new digitized VTVM’s of Electro-Instru- 
ments and Hycon; the counters of Post Machinery, Hew- 
lett-Packard, and Atomic Instrument Co.; the analog-to- 
digital converters of Giannini and Victor Adding Machine 
Co.; the pulse equipment of Electro-Pulse; the digital 
tape handlers of Potter; the decade counting switches of 
Kellogg. Potter also disclosed the first: American-made 
photoelectric punched-paper-tape handler. 


Plant and Factory Control 

Many interesting devices for automatic control of ma- 
chine tools and plant operations were exhibited by Rus- 
sell T. Gilman, Federal Products, Hillyer Instrument, 
Sheffield, Zenith Electric, George Scherr, Standard Elec- 
tronics, Taft-Pierce, Wilson Mechanical Instrument Div. 
of American Chain & Cable, Kybernetes, Techniflex, Uehl- 


ing, Balteau, Infra Electronic, and others. A complete cen- 
tralized process-control graphic panel was shown by 
Panellit. Contact-meter relays were exhibited by Assembly 
Products and Larson Instrument. 


Telemetering 

Closely associated with automatic control is telemeter- 
ing, which permits remote control. Versatile telemetering 
systems of time-impulse duration, audio-frequency shift 
and other techniques for multiplexing were presented by 
Femco, Hammarlund, Instruments, Inc., Kleinschmidt, 
Radio Frequency Labs., and Teletype Corp. 

Servo pickups, motors, gears, components, amplifiers, 
clutches, and systems were exhibited by Farrand Optical, 
Feedback Controls, Infra Electronic, Doeleam, Crawford 
Fitting, Dynamic Gear, Instrument Components, Fal- 
strom, Parker Fittings, PIC Design, and others. 

Recording is an important and basic part of automa- 
tion. Oscillographs, inkless recorders, and tape recorders 
were exhibited by Brush, Heat-Timer, Larson, Magnecord, 
Davies Labs., and Potter. 

Also significant were the new electric valve operators 
of Techniflex, the /7V of General Precision and Kay- 
Lab, the air systems of Nash and Trincor, the power sup- 
plies of Beta Electric, Sorensen, and Superior Electric; 
the optical devices of Karl Heitz and Zeiss-Jena. 

The First Automation Exposition did much to clarify 
the field of automation. It defined its devices, functions 
and applications, It presented the modern techniques for 
information accumulation, reduction, and use to the end 
of volume production with maximum efficiency. Both 
the AUTOMATION HANDBOOK® (containing technical 
data on all exhibited products) and the COMPUTER 
HANDBOOK will be in great demand in the interim until 
the 2nd Automation Exposition, Chicago, Nov. 14-17, 
1955. 

*The AUTOMATION HANDBOOK is now available from The 


Instruments Publishing Co., 845 Ridge Ave., Pittsburgh 12, Pa. 
Price: $2.00. 
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rete 


and thereby registers the end of the 
twenty-seventh year of Instruments and 
Automation’s service to users of measure- 
ment and control devices—service to 


THE UNITED STATES OF AMERICA 


The entire staff of Instruments and Automation 


a) 


wishes you 


Seasons Greetings 
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The Month’s NEW INSTRUMENTS 


In this department we report each month new devices for measurement, inspection, testing, 
computing, metering and automatic control—in the. form of concise technical descriptions. 


FOR FURTHER 


INFORMATION 


USE THE POSTAGE-FREE 


ORDER 


CARD ON PAGE 1995 





PROCESS CONTROL AND 
GENERAL-PURPOSE 
INSTRUMENTATION 


Multi-point Monitoring 
and Protection System 


New “Omniguard” is said to be 
“undoubtedly the simplest and most 
flexible temperature monitoring sys- 
tem ever offered to all branches of in- 
dustry.” Monitor units and indicator 


can be mounted close to equipment to 
be protected, and master alarm sig- 
nal can be carried through a single 


pair of copper wires to a control room 
at a distance. Exclusive feature is 
that system monitors all points simul- 
taneously without scanning.—J/nstru- 
ment Div., Thomas A. Edison, Inc., 
West Orange, N. J. 

a e 201 


pH Instrumentation 


New complete systems for pH re 
cording and control comprise a Bristol 
“Electronic Dynamaster Potentiome 


ter” recorder or controller, a Beckman 
“Model W” amplifier, electrode assem- 
blies in either flow or immersion 
types, and a variety of final control 
elements for addition of gaseous, 
liquid, solid, or slurried reagents. 

The Bristol Co., Waterbury 20, Conn. 
e intormat © 202 y card 
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Angle-transmission System 


New “Inductosyn” multipole syn- 
chro system is said to be “of almost 
unbelievable accuracy” as a_shaft- 
position transmission system. Princi- 


Rotor pattern 
wee 


(The stator pattern consists of a number of sectors 
of conductors similar to that on the rotor, These sex 

tors are so arranged as to yield the space quadrature 
relationship, as well as to cancel effects of small de 

centering and wobble of the rucor or stator disks) 


3438 


pal innovation: instead of pairs of 
coils and magnet faces as inductive- 
coupling paixs, new system uses pairs 
of radial pole patterns etched on 3- 
inch glass disks, from master disks 
ruled on extreme-precision dividing 
machine. Among uses: machine-tool 
control with accuracy of 0.0001 in. 
translational or 5 sec. rotational; 
backlash-free gear ratio; low-inertia 
speed changer; electromechanical di- 
viding head; digitizer. Nuriber of 
poles can be 64 or 128 for binary-code 
uses, 72 or 144 for degree systems, 54 
or 108 for military (27-speed) sys- 
tems, or as requested.—F'arrand Opti- 
cal Co., Inc., Bronx Blvd & E. 238th 
St., New York 70, N. Y. 
format 203 


Dissolved-oxygen Analyzer 


New “Model 1A3B” continuously 
measures dissolved oxygen in fluid 
process streams for municipal and in 
dustrial applications, such as sewage 
treatment, water treatment, chemi 
cals, food processes, etc. By employing 
a new and improved method of strip- 
ping in combination with maker’s 
“F3” paramagnetic oxygen analyzer, 
a measurement specific for dissolved 
oxygen in fluids is made. Analyzer is 
adjusted to read zero on an oxygen- 
free scrubbing gas, and is then used 
to measure volume percent of oxygen 
in gas issuing from stripper column, 
thereby indicating percent saturation 


of oxygen in the liquid. Can provide 
readings in ppm. dissolved oxygen. 
Arnold O. Beckman, Ine., 1020 Mis- 
sion St., South Pasadena, Calif. 
format 204 on i: 


Indicators for Data 
Display and Transfer 


New “Union Indicators” stem from 
program instigated by Air Navigation 
Development Board for solution of air 
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traffic administration problems. Sys- 
tem can handle information at rate of 
more than a thousand words a minute; 


oe 


can operate on any transmitting me 
dium—electrical, radio, microwave, 
carrier, radar, ete.—Union Switch & 
Signal div. Westinghouse Air Brake 
Co., Pittsburgh 18, Pa. 

r more informatior 205 
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Alarm Device 

New “Electro-Larm” protects equip- 
ment or process against abnormal op- 
erating conditions. Four indications, 
given by position of indicator key 
which also contains a neon glow lamp, 
are “normal,” “alarm,” “pending,” 
“clear.” Indicator key is illuminated 
in last three positions; audible signal 





is sounded during “alarm” and 
“clear.”—Electro Devices Inc., 4025 
Easton Ave., St. Louis 18, Mo. 
formation circle 206 on it 


Annunceiator 


New “Electro-Pane” heavy-duty 
window type of annunciator features a 
sequence of four different indications 
accomplished by use of three sealed 
mercury switches. Four different in- 
dications are distinguished by differ- 


ent colors of illuminated nameplate 
through use of plastic color filters and 
diffusing prism which insures name- 
plate lighting.—Electro Devices Ine., 
4025 Easton Ave., St. Louis 18, Mo. 

F f ntor ? 207 ra 


Photoelectric Control 


New explosion-proof photoelectric 
system comprises “Type EPL 243 
Condulet” light source and “Type 


EPA 342 Condulet” light-sensitive 
control relay assembly. Light source 
housing features lens focal limits ad- 
justable from infinity to 6 in. from 
lens. Receiver has lens, phototube, 
thyratron, electronic amplifier and 
load control relay.—Crouse-Hinds Co., 
Wolf & 7th North Streets, Syracuse, 
oe 

For more informatior e 208 


Telemetering System 


New “ElectroSyn Pressure and 
Temperature Measuring System” util- 


izes a high-resolutien linear-output 


New Shallcross ‘12000 Series” 
Oval Ceramic Switches offer 
“custom-built” quality — without 
the delay and cost of specials. 


With only a few basic inter- 
changeable parts, constantly 
stocked by Shallcross, over 1000 
different switch types can be 
quickly assembled. Delivery is im- 
mediate. Your specifications are 
matched exactly. 


The use of solid silver contacts 
and collector rings, low-loss stea- 
tite decks, and silver plated beryl- 
lium-copper wiper pressure springs 
assures uniformly low contact re- 
sistance and exceptional durability 
for a wide variety of instrument 
switching applications. 


For complete information on 
“12000 Series’’ Switches, write, 
wire, or phone for Shallcross Engi- 
neering Bulletin L-32 which cata- 
logs 275 of the most popular types. 
SHALLCROSS MFG. CO., 510 
Pusey Avenue, Collingdale, Pa. 


Shallcross 12000 Series 
Oval Ceramic Switches 


NON-SHORTING ACTION —40° or 
60° indexing 

SHORTING ACTION—20° or 30° in 
dexing 

DETENT — Optional. Positive-acting 
star wheel type. 

POLES PER DECK —1, 2, or 3 

NUMBER OF DECKS — Up to 10 decks 
may be ganged 

ADJUSTABLE STOP 
order 

SHAFT—Completely isolated 

CONTACT RESISTANCE —0.0025 ohm, 
+0.0002 ohm 


RATINGS — 110 v., 1a., 60 cy.-nominal, 
2500 v., 60 cy.-de-rated current. 
40 amps—e-rated voltage. 


Available on 


Complete specifications in 
Bulletin 1-32 


| Shallcross 
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DE LUXE MODEL 
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LEAK DETECTOR 






































While this leak-detecting device carries 
a $49,000,000.00 price tag, it is worth 
every penny of it! This device will not 
find leaks any faster than lower-priced 
models, but it will usually find more of 
them. 


Leaks are expensive. Why not specify 
Swagelok Fittings and stop leaks before 
they happen? 

Write for the Swagelok Catalog today. 
Address Department 113 
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TUBE FITTINGS 


BRASS « ALUMINUM e STEEL 
STAINLESS STEEL « MONEL 


CRAWFORD FITTING CO. 





For more information circle 38 on inquiry card 
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electromagnetic rotary transmitter, 
with Bourdon tube or bimetallic pri- 
mary element, producing an electrical 
signal proportional to element’s de- 
flection; and long-scale indicator on 
remotely-located control panel. Long- 
range transmission can be accom- 
plished using line or microwave facil- 
ities. Among features of system: high 
output without amplification; stability 
unaffected by either lateral or longi- 
tudinal vibration and line voltage 
changes.—Controls Div., Control En- 
gineering Corp., 934 Washington St., 
Norwood, Mass. 


Ser ate idormelion © 209 on inquiry 





Thirty-channel Recorder 


New time-operation recorder can 
monitor up to 30 machines; utilizes 
“Alfax” electrosensitive paper: when 
electricity flows, there is a mark; no 
electricity, no mark. Current to acti- 
vate styluses is picked up by tiny 
switches mounted on machines (or 























doors, windows, drawers, etc.) by bolt, 
thumbtack, tape, etc. Recorder has 
two fixed paper speeds and paper 
drive shaft is brought out so that it 
can be driven at any speed desired. 
All units are plug-in.—Alden Elec- 
tronic and Impulse Recording Equip- 
ment Co., Westboro, Mass. 

e 210 on inau 
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Tank-gaging System 


New “Gilbarco Electronic Gauge,” 
said to be designed for maintained 
accuracy of 1/16-in. in refineries, ter- 
minals and tank farms, uses no float 






























or sonic mechanism; features a servo- 
motor which raises and lowers a sens- 
ing element as liquid level rises or 
falls. Tip of a metal probe in sensing 
element is the only part which touches 
the liquid. Any petroleum product at 
temperatures up to 175 F. can be 
measured. Among claims: “100% 
more accurate than hand gauging or 
other automatic gauges.” A new null- 
balance receiver (illustrated), obvi- 
ates need for mechanical vibrators or 
choppers and permits use of uniform 
scales. Like the gage itself, it is posi- 
tively operated by servomotors.—Gil- 
bert & Barker Mfg. Co., West Spring- 
field, Mass. 
For more informatior e 211 on inquiry card 





TEMPERATURE 


Miniature Thermocouple 

New “Model TC-1A” 0.035-in. O.D. 
stainless-steel-protected copper-Con- 
stantan assembly, for —70 to 250 F. 


wit 
TAT 





ED 
IZA 














range, has 0.25-second response time, 
is hermetically sealed and normally 
supplied with 8 ft. extension cable. 
Choice of needle or blunt point, and of 
1%-in. or 2%-in. length—Medical- 
Electronics Development Co., P.O. Box 
443, Great Neck, N. Y. 

rcle 212 on inquiry card 
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Change-of-state Type I-hp. 
Thermal Switch 


4 New ‘‘Mini- 

5 Therm” is a nor- 
mally-open non- 

f repetitive switch 

? (does not reset). 
F Different availa- 
ble switching 


temperatures are 
obtained by 
changes in com- 
position of ther- 
mosensitive 
chemical. When 
switching tem- 
perature is reached, center electrode 
instantly drops down and makes met- 
al-to-metal contact. Current rating 
5 amps. at 250 v. Available in switch- 
ing temperatures from 150 to 400 F. 
in 25-deg. increments and 400 to 1000 
F. in 50-deg. increments. Speed of 
response equals that of a bare thermo- 
couple, but time-integral action or in- 
sensitiveness to brief heats can be ob- 
tained by special enclosure, etc. Many 
aircraft testing and industrial safety 
applications are obvious. Cost is said 
to be nominal.—MiniTec, 5423 Dela- 
ware Ave., Los Angeles 41, Calif. 

For r format e 213 on inquiry card 







Self-balancing Indicator 


New self-balancing indicator, added 
to maker’s line of temperature-meas- 


































uring instruments, can be connected 
to several hundred thermocouples or 
resistance bulbs through connector 
panels, toggle switches, or rotary 
switches. (If switches, separate case). 
Scale is 34 in. long; full-scale travel 
4 seconds; 23 ranges; accuracy 0.25 
percent; sensitivity 0.05 percent; prac- 
tically immune to shock, vibration or 
electrical interference.—Thermo Elec- 
tric Co., Inc., Saddle River Township, 
Rochelle Park P.O., N. J. 

For rv re for ‘ 214 r nquiry ard 
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Dial Thermometer 


New “No. 35-S” 3%-in. mercury- 
actuated dial thermometer features 
external calibration. Stainless steel 
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case, with clear plastic face covering 
and gasket sealed to stainless steel 
back plate, can be rotated to any read- 
able position. Actuation is direct- 
drive Bourdon. Bulb lengths 4, 6, 8 
and 12 in. Fittings: separable sockets, 
union connections and flanged union. 
Palmer Thermometers, Ine., 2505 

Norwood Ave., Cincinnati 12, Ohio. 
rmatior e 215 of tuiry card 
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Pipe-clamp Thermocouples 


New adjustable 
pipe clamp ther- 
mocouples for 
sizes from *% to 
4 in. are for use 
where immersion 
TCs are imprac- 
tical or undesir- 
able; for temper- 
ature readings on 
alloy, plastic or glass pipes not easily 
entered; installation and service with- 
out interrupting operations or flow; 
checking other devices; checking ef- 
fectiveness of insulation; etc.—Conar 
Corp., 4515 Main St., Buffalo 21, N.Y. 
For more informatior rcle 216 inquiry card 
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Snap-action Thermostat 


New liquid-filled snap-action 20-to- 
35-amp. thermostats are available in 
two models: Local bulb unit for use 
over an adjustable 50-to-300 F. range; 
and remote unit available in 50-to-250 
F. and 150-to-550 F. ranges. Differ- 
ential of 2 to 3 F. degrees is said 












H 
oh | 


to be “better than that of similar 
types of thermostats now available.” 
—Fenwal Inc., Ashland, Mass. 

e@ 297 on inquiry card. 
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where can you use 


CHATILLON 


instrument-type 














PUSH-PULL GAUGES? 


separately. 


Set of 5 chrome plated push-pull gauges from 
50 grams to 40 Ibs. capacity comes in sectional 
leatherette covered, velveteen lined case. 
Gauges available in numerous combinations or 



























How much pressure does it take to operate a push-button switch? How 
much tension to actuate a spring-loaded mechanism? What is the 
breaking point of a certain fibre? Chatillon instrument type push-pull 
gauges answer hundreds of such questions daily in laboratories, 
inspection areas and on assembly lines of leading manufacturers. 


Calibrator and runner construction of 
these gauges is designed to give 
superior straight-line operation, main- 
tained accuracy to within the minimum 
graduation. Precision calibrated 
springs of finest instrument steel give 
direct, instantaneous readings. Univer- 
sal design permits operation in any 
position! 


Ask yourself where you can apply 
Chatillon gauges or scales to improve 
your products or services. Chatillon’s 
Engineering Department is ready to 
help you with adaptations or sug- 
gestions, Write for bulletins. 














HEAVY DUTY 
GAUGES 

















UTILITY 
SCALES 








JOHN CHATILLON ESONS 


87 CLIFF STREET, NEW YORK, N.Y. 


Manufacturer of Precision Springs and Measuring Apparatus Since 1835 


For more information circle 36 on inquiry card. 
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Temperature Controller 


New “Model 297 Capacitrol” has 
been designed for new plastic ma- 
chines, methods and materials; uses 


BB? 


Lie 


plug-in components; provides for flex 
ible “on-the-job” adjustments. Ther- 
mocouple break protection can be sup- 
plied as an extra feature.—Wheelco 
Instruments Div., Barber-Colman Co., 
Rockford, Illinois. 


218 


Temperature Controller 


New “Model 405 Capacitrol” is for 
continuous fuel-fired processes which 
require true proportional action; uti- 


3998 


lizes maker’s “Electronic Control Prin- 
ciple’; incorporates means for manual 
“droop correction” and proportioning 
band adjustment; also thermocouple 
break protection.—Wheelco Instru- 
ments Div., Barber-Colman Co., Rock- 
ford, Il. 


} 
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Thermoscopic Liquids 


New “Tempilaq” suspensions fot 
425 and 475 F. have been added to 
maker’s line of temperature-indicat- 
ing materials. “Tempilaq” dries quick- 
ly, leaving a mat opaque coating 
which liquefies when temperature rat- 
ing is reached. It adheres well to glass 
and other polished surfaces.—Tempil 
Corp., 132 W. 22nd St., New York 11, 
Ns Es 
For more information circle 220 of 


Temperature Controller 


New “Series 560” uses a thermis- 
tor primary element, is designed for 


? 
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range of 0 to 600 F.; available in in- 
dustrial and portable laboratory mod- 
els. Control accuracy (0.25 percent) 
is maintained even if indicating cir- 
cuit should become inoperative, and 
is unaffected by moderate shock o1 
vibration sufficient to cause tempo- 


rary fluctuations of indicator. Con 
trol bandwidth can be increased from 
minimum value to any desired range. 
Instrument can be used either as a 
straight on-off controller or as a time- 
proportioning controller; can be cali- 
brated in a few moments without 
standard cells or accessory devices. 
Fenwal Inc., Ashland, Mass. 
e informat 221 


FLOW AND VOLUME 


Flow-rate Indicator 


New variable-area assembly fot 
continuously measuring flow rates of 
corrosive or non-corrosive gases and 
liquids combines installation ease of 
an orifice with linearity, rangeability, 
and low viscosity-sensitivity of vari- 
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able-area types. Each assembly con- 
sists of: meter body; replaceable tar- 
get-and-meter-range-insert primary 
elements; packless friction-free seal; 
mounting yoke; 6-in. dial indicator; 
and pressure differential adjustment 
screw. On yoke is provided a mount- 
ing pad for attachment of optional 
accessories such as Micro-switches; 
pneumatic or electrical position trans- 
mitters; or local controllers. Sizes are 
available for installation in pipe lines 
from % in. to 12 in.—Devicengineer- 
ing Co. 1701 Walnut St., Philadelphia 
3, Penna. 


For more rmation circle 222 on inquiry card 


Electromagnetic Flowmeter 


New electromagnetic flow-rate 
meter, designed for 2-in. to 8-in. flow 
lines, incorporates unique advantages 
of electromagnetic metering and is 


additionally rated for unlimited maxi 
mum flows, making practical a num- 
ber of flow measurement applications 
impossible with ordinary metering 
equipment. The Foxboro Co., Fox 
boro, Mass. 
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Mass Flow Meter 


New “Gyro Mass Meter” utilizes 
principle whereby meter accuracy 1s 
independent of temperature, pressure, 


é 


viscosity or volumetric flow rate; 
measures directly in pounds or tons; 
is easy to maintain and free from cali 
bration drift.—Controls Div., Control 
Engineering Corp., 934 Washington 
St., Nov wood, Mass. 
f f t 224 


Batching Meter 


New 3-in. “Auto-Stop” meter ex- 
tends automatic control of batching 
and blending process liquid ingredi- 
ents to flow-rates as high as 300 gpm. 
“Cushioned AutosStop” valve slows 
down rapid flow of liquid an instant 
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Search Radar Magnetron Tube. Two large Carboloy 
Alnico permanent magnets supply the electron beam 
control in this Raytheon magnetron. They help reduce 
size and weight, with no decrease in performance. 


Miniature Electric Motor. Tiny, powerful Carboloy 
permanent magnet replaces wound electromagnet as 
rotor. The magnet’s self-contained power supply re- 
duces battery drain, requires less power. 


Permanent magnets provide an economical way 
to convert electrical energy to mechanical motion 


Carboloy® Alnico permanent magnets provide a 
low-cost means of simplifying design and reducing 
size in motors, radar magnetron tubes and hun- 
dreds of other products. 

In the motor above, a tiny Carboloy permanent 
magnet rotor supplies the motor action; in the 
magnetron tube, two large Carboloy permanent 
magnets provide electron beam control. Both are 
examples of permanent magnets’ inherent ability 
to convert electrical energy to mechanical motion. 
Thousands of other products utilize Carboloy 
permanent magnets’ other basic functions (see 


below) ... and realize substantial cost and design 
savings. 

Permanent magnets supply a uniform source 
of stable, low-cost energy; help eliminate coils, 
wire and other operating parts. They are avail- 
able cast, or sintered where closer tolerances 
and more complex shapes are required. 

“Designing-in” permanent magnets will improve 
your product. Specially trained Carboloy Magnet 
Engineers will work with you in both design and 
application. Send coupon today, for complete 
information and technical literature. 


Basic functions of permanent magnets 


Eddy Current Braking 
J Instrument Action 
Motor Action 

Acoustic Action 
Electron Beam Control 


T Convert electrical energy 
to mechanical motion } 


Convert mechanical motion j Generator Action 
\ Magneto Action 


to electrical energy Sound Pick-up 


cre eee ae ae ee ee 


Convert mechanical energy | 
Control of Torque 
to thermal energy 


Separation 


| 
( Snap Action 
| Holding and Lifting 


4 Mechanical Holding 


Carboloy Department of Genera! Electric Company 
11155 E. 8 Mile Street, Detroit 32, Michigan 


1 would like the following: 


Information on permanent magnets in 


ae 


CARBOLOY 


Permanent Magnet Design Manual, PM-101 
DEPARTMENT OF GENERAL ELECTRIC COMPANY 


} Permanent Magnet Standard Stock Catalog, PM-100 
11155 E. 8 Mile Ave., Detroit 32, Michigan 


Nome Position 


“Carboloy”’ is the trademark for products of the 
Carboloy Department of General Electric Company 


Company 
Address 


City 


ry ra 


December 1954—J/nstruments & Automation—Page 191] 





NEW INSTRUMENTS 





before it trips shut, providing ex- 
tremely accurate cut-off with no hy- 
draulic hammer.—Neptune Meter Co., 
19 W. 50th St., New York 20, N. Y. 


For more information circle 225 on inquiry card. 


Blower-stream Gage 


New “Gauge No. 172” determines 
blower speed in residential air-condi- 
tioning systems (out on the job) by 


measuring static pressure drop across 
evaporator; is also suitable to deter- 
mine furnace draft, filter conditions, 
plemun pressure, etc.—F’. W. Dwyer 
Mfg. Co., 317 S. Western Ave., Chi- 
cago 12, Iil. 


For more ir 


ation circle 226 on inquiry card. 


Flow Regulator 


New constant-flow regulator has 
automatic by-pass feature; maintains 
rate of flow regardless of variation in 


pressure or back pressure while simul- 
taneously by-passing excess pump out- 
put at working pressure.—Waterman 
Engineering Co., 725 Custer Ave., 
Evanston, Il. 


For more informat 


e 227 on inquiry card. 


PRESSURE and VACUUM 
P & V Switches 


New explosion-proof pressure and 
vacuum switches repeat within 1 per- 
cent of setting. Housing is UL ap- 
proved for Class I, group B, C and 
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D; Class II, group E, F and G. Units 
cover range from 30 in. vacuum to 
150 psig. Standard models available 
for single or dual settings; latter 
actuate two circuits, one a.c. and the 
other d.c. if desired. Units automati- 
cally reset.—Barksdale Valves, 5125 
Alcoa Ave., Los Angeles 58, Calif. 


For more information circle 228 on inquiry card 


Pressure Pickups 


New “Type B-1” of maker’s “SR-4 
pressure cells,” specially designed for 
rough handling by pipe fitters and to 
meet the requirements of oil pipeline 
service, includes special features such 
as a heavy steel case and welded as- 
sembly, making cell rugged enough 
for pipe wrench tightening. Stronger 
signals are provided by 175 ohms re- 
sistance instead of customary 120 
ohms. Eight sizes, from 100 to 2000 
psi.—Baldwin-Lima-Hamilton Corp., 
Philadelphia 42, Pa. 


For more information circle 229 on inquir ard. 
quiry 


A-c. Vacuum Gage 


New “Model 517 Alphatron” vacu- 
um gage, operates on a.c. Among 
other features: Six ranges from 1000 
mm. to 0.1 micron Hg; linear scale; 
instantaneous response; connection 


for recorder, etc.; cannot be damaged 
by exposure to atmospheric pressure. 

Naresco Equipment Corp., 160 
Charlemont St., Newton Highlands 
61, Mass. 


For more inforn 
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FORCE and WEIGHT 


Force Pickup 


New “Model 2101 Dynamic Force 
Gage” with 10-to-5000-cps. frequency 
range and 3-volt output permits new 
dynamic tests of servo systems, vi- 


bration-force generators, structures, 
etc. Piezoelectric principle is used for 
sensitivity to force changes only. 
Available for inputs of 15, 50, 100, 
500, and 1000 lbs.—Endeveo Corp., 
689 S. Fair Oaks Ave., Pasadena 2, 
Calif. 


For more information circle 231 on inquiry card. 
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Acceleration Pickup 


New acceleration pickup is capable 
of operating at temperatures from 
—65 to 550 F.; is said to be ideal for 
missile work and well suited for air- 
craft. Available in any range from 
+ 1G to + 50 G with damping nor- 
mally furnished from 0.5 to 0.7 of 
critical; 300 to 20,000 ohms output 
for all G ranges; accurate 0.5 percent 
to 2 percent depending on G range 
and pot resistance.—Pacific Scientific 
Co., 1430 Grande Vista Ave., Los An- 
geles 23, Calif. 


For more inforr on circle 232 on inquiry card. 


Acceleration Pickups 


New linear acceleration pickups 
meet requirements of most recent mil- 
itary specs. “AT-LF” series covers 
range from +.5 G to +10 G with 
natural frequencies of 5 to 21 cps. 
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“AT-HF” series +1 G to +50 G with 
natural frequencies from 10 to 98 eps. 
All fluid damped to 0.65 of critical.— 
Rahm Instruments, Inc., 12 W. Broad- 
way, New York 7, N.Y. 

e 233 on inquiry card. 
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Small-foree Recorder 


New “Universal Recording Bal- 
ance” is specifically designed for ob- 
servation and recording of small, 
rapidly-changing forces with respect 
to time. Among uses: observation, by 


direct weighing, of action of gases on 
metals at high temperatures; study 
of evaporation of solvent mixtures or 
solvents from paint film.—The Shar- 
ples Corp., Research Laboratories, 
424 W. 4th St., Bridgeport, Penna. 


For more information circle 234 on inquiry card. 


Crane Scales 


Three new small standard sizes of 
“SR-4 Crane Scales” are %-ton, 1%- 
ton, and 2%4-ton. (Others are 5-ton, 
12%-ton and 25-ton) .—Baldwin-Lima- 
Hamilton Corp., Philadelphia 42, Pa. 


For more information circle 235 on inquiry card. 








USG’S RESEARCH LABORATORY 
SIMULATES OPERATING 
CONDITIONS FOR OPTIMUM 
GAUGE PERFORMANCE 









To assure optimum operating results 
under new or changing process condi- 
tions, USG tests gauges in its Research 
Laboratory under simulated operating 
conditions. Annually, these USG tests 
save customers hundreds of thousands 
of dollars in greater operating perform- 
ance and less down time, not to men- 
tion eliminating the need for more 
frequent gauge replacements. 

Constant testing of materials and 
assemblies under all kinds of operating 
conditions is one reason why USG 
gauges are renowned for their 
enduring accuracy and dependability. 
USG assures this enduring accuracy 
and dependability in lot after lot by 
employing in its manufacture one of 
the most rigid quality control systems 
in the instrument industry. 

For more than 50 years USG has 

7 T] T) been designing and producing gauges 
Takin the U Ss out of for more original equipment manu 
g facturers than any other instrument 

company in the world. With facilities 

see a economically integrated for large 

G a a! g e fe, 9 e C 4 f a C a ti 0 n SS volume-quality controlled production, 

USG helps industry reduce its gauge 


costs by stocking the most complete 
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You’d be surprised how often those tough gauge problems line of gauge components to meet prac 
can be solved easily by talking them over with one of USG’s tically any pressure sensing or actuat- 
application engineers. ing need. 






If your problem involves the handling of corrosive mate- 
rials, extremes in temperatures and pressures, unique process 
application, or one of a hundred unknown factors, USG’s 
wide engineering experience and facilities make possible tests 
under simulated operating conditions. This assures higher 
accuracy and maximum gauge life. 


The test data available at USG may be of help to you in 
these and other gauge problems. Often, one of our over 
200,000 stock gauges will meet your requirements... a real 
advantage from the standpoint of cost and availability. If, 
however, stock gauges do not serve your purpose, USG is in a 
position to make special gauges that will exactly fit your needs. 

USG will be glad to help you solve any problem involving 
temperature and pressure indications. Why not call our 
District Office nearest you, or, send your problem directly to 
us at Sellersville. 















To assure immediate availability of 
standard gauges, USG maintains a 
large inventory of over 200,000 stand- 
ard gauges in a wide variety of types, 
sizes and ranges. 


Cy 
STO Ca 
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Laboratory. Here constant testing of 
for over 50 years materials under customer operating 
conditions assures optimum perform- 
ance and long gauge life. 





Gnited States Gauge, Division of American Machine and Metals, Inc., Sellersville, Penna. 
For more information circle 38 on inquiry card. 
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Electric Platform Scale 


New platform scale utilizing strain 
gage load cells and pneumatic tare 
weight permits inexpensive and accu- 
rate net weight measurement; is 


5995 


adaptable for either batch weighing 
or continuous process control. High 
accuracy is said to be result of a 
unique design of weighing structure 
using advanced techniques of flexural 
pivots to eliminate effects due to off 
center loading.—Weighing Compo- 
nents, Inc., 64 Fulmor Road, Hatboro, 
Penna. 
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TIME and SPEED 


Scope Display Timers 


New oscilloscope display timers 
make possible detailed study of phe- 
nomena separated in time; provide 
ordinary ‘scope with a time-base in 
the form of a 10-line raster containing 
accurate timing calibration markers 
(in effect, equivalent of a sweep mag- 
nification of X10 with no loss of de 
tail). Two models: “101” has a raster 
range of 10 ms. to 0.1 sec. and a sweep 
range of 1 ms. to 10 ms.; “101A” has 
a raster range of 1 to 50 sec. and a 
sweep range of 0.1 to 5.0 sec.—Ameri- 
can Electronic Laboratories, Inc., 641 
Arch St., Philadelphia 6, Penna. 


For more informat rcle 237 


Time Delay Relay 


New “MEK-2110” is available in 
two timing ranges: 1.5 to 120 seconds 
or 0.75 to 60 seconds. D-p.d-t load 
contacts are rated at 5 amp., 115 v.ac. 
Choice of two se- 
quences of opera- 
tion. In Sequence 
A, load contacts 
are de-energized 
during reset and 
timing, and ener- 
gized when timed 
out. In Sequence 
B, load contacts 
areenergized 
during reset, de- 
energized during timing, and ener 
gized when timed out. Sequences are 
obtained by interchanging terminal 
strip connections.—Machinery Elec- 
trification, Northboro, Mass. 

f e informat rcle 238 
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Electronic Timer 


New “Model T2” for interval tim- 
ing, timed delay, repeat cycling, pro- 
gramming or pulsing, maintains 1 
percent accuracy over line voltage 


* 
. 


LULL LLL 
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variations of 90-135 volts. Three time 
ranges: 0.1-1.0, 1-10, and 10-100 sec.; 
direct-reading time dial; two spdt load 
contacts with 8-amp. rating.—Dep’t 
H-1, Ferrara, Inc., 8106 W. Nine Mile 
Road, Oak Park 37, Mich. 

e informatior e 239 


Adjustable-delay Relay 


New time delay 
relays provide all 
features of her- 
metically-sealed 
units, also permit 
adjustment of de- 
lay period. Periods 
can be supplied 
from 2 seconds to 
2 hours. Large cal 
ibrated dial, read 

through glass window, allows setting 
over an 8:1 range in small increments. 
Units meet military specs; available 
for operation on d-c. or a-c. power 
supplies. A. W. Haydon Co., Water- 
bury, Conn. 


240 


Time Data Printer 


New Time-Data Printer can record 
(1) one or two sets of manually or 
remotely-entered data, (2) an entry 
identification number or symbol and 


(3) time-of-day when data are taken. 
Time is indicated to 0.01 minutes or 
in full seconds, is obtained internally 
from a synchronous motor. Arrange- 
ments for choice of data, identifica- 
tion and time are flexible.-—Engineer- 
ing Dep't, Clary Multiplier Corp., San 
Gabriel, Calif. 


} 
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Tachometers 


New “Standco” vibrating reed tach- 
ometers are available with single, 
double and triple rows of reeds in 
hundreds of ranges between 900 and 


100,000 rpm. Hand types available in 
standard and dwarf size. Stationary 
types in 7%-in. round cases, and rec- 
tangular cases for permanent mount- 
ing on machines.—Herman H. Sticht 
Co., Inc., 27 Park Pl, New York 7, 
a iP 


Frequency Counter 


New “Model WE-110” electronic 
frequency meter and counter is a low- 
cost events-per-unit-time meter using 


recently developed glow transfer tubes, 
along with greatly simplified circuitry. 
Unusually high sensitivity (50 mv. 
rms.); frequency response (20 -ke. 
guaranteed, 50 ke. possible) adequate 
for most applications. Designed to be 
used with low-output magnetic o1 
photoelectric speed pickups, turbine, 
type flow pickups, vibration pickups, 
ete. Reference is 60-cps. line; time- 
bases 1 or 10 sec.—Westport Electric, 
149 Lomita St., El Segundo, Calif. 
nformation circle 243 on inquit 


DISPLACEMENT 


af 


Displacement Pickups 
New “Lyn-A-Syns” 
in 32 models with ranges from 0.003 
in. to 2 in.; utilize mutual-inductance 
principle: displacement of high-per- 


are available 


meability core (in either direction 
from center null) causes a linear in- 
crease in output voltage. Units are 














CONTINUOUS STANDARDIZATION UNIT of the electronic izing mechanism, Result: no interruptions in operation for 
Dynamaster eliminates need for dry cells and standard- _ standardization; no batteries to replace. 


Measures any variable that can be translated 





into an electrical quantity 


Bristo}’s Dynamaster Potentiometers have earned a world-wide 
reputation for accuracy and dependability in recording, indicat- 
ing, and controlling temperature, pH, speed, voltage, power, 
current, resistance, smoke density, strain — the list could go on 
and on. 

Behind this reputation is 65 years of instrument-making 
research and experience — all aimed at making Bristol instru- 
ments as precise and trouble-free as humanly possible. BRISTOL ELECTRONIC DYNAMASTERS 

One result of this research is our new No-Batt continuous are made in round. and strip-chart, 
standardization system, which is used in Dynamaster Potentiom- single- and mepeneren record- 
eters and Pyrometers. With continuous standardization elimi- pe mites pe eAmendae goondlbee 
nating the need for dry cells, the potentiometer is free to con- actions). Two-pen and Program 
tinuously measure, record and control. No time out is required Control. 
for periodic standardization. 

And all Dynamasters are “human-engineered”, making them 
easier to read and clearly visible at greater distances. Simplified 
construction, fast operation, fewer moving parts are all achieved 
through Bristol’s “human engineering”. 

Get the whole story on these rugged, precision instruments. 
Write today for free 36-page bulletin P1245. The Bristol Com- 
pany, 113 Bristol Road, Waterbury 20, Conn. 4.26 


BRIS OL POINTS THE WAY IN 
HUMAN-ENGINEERED INSTRUMENTATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 


e 39 
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NEW INSTRUMENTS 





inductively and resistively balanced 
for minimum null signals; may be ob- 
tained magnetically shielded or wound 
for high-temperature operation.— 
Minatron Corp., 3 Cliveden Pl., Belle 
Mead, N. J. 


For more nformat n cire 


e 244 or 


Motion-pickup Amplifier 


New “Model 400” is for use with 
mutual-inductance type displacement 
transmitters; enables measuring 
static, transient, or oscillatory force, 
pressure, strain, acceleration, ete. 
Unit includes a carrier oscillator, de- 
modulator, and all circuits necessary 
to provide suitable input to CRO. 
Flat frequency response from 0 to 
1000 cps. within % db.; core displace- 
ments as small as 0.0001 in. can be 
accurately measured.—Daytronic 
Corp., 216 S. Main St. , Dayton 2, rps 

rcle 246 on inquiry 


For more intormatior 


COMPUTING, ETC. 


Computer 


New “Model CRC 102-A Electronic 
Computer” and its auxiliary “Mag- 
netic Tape Unit Model CRC 126” are 
designed for: (1) data processing, 
(2) problem solving and (3) record 
keeping in both scientific and business 
areas. Among claimed advantages of 
new system are: Compact size, since 
entire system can fit in an ordinary 
business office; no special air condi- 
tioning; cost a fraction of investment 
in so-called “giant brains”; versatility 
with ability to accept input from any 
of the numerous new business and 
scientific machines which have 
punched paper tape output.—lec- 
tronics Div., The National Cash Reg- 
ister Co., 3848 W. El Segundo Blvd., 
Hawthorne, Calif. 


For more information circle 246 on inquiry card. 


Time Delay Generator 


New “Model 2510A Digital Time 
Delay Generator” produces digital in- 
crements of 10 usec. based on a 100- 
ke. quartz crystal. Crystal oscillator 


continues 
Final de- 


is started by input trigger; 
until pre-set delay occurs. 
layed pulse is then used to re-set pre- 


set counters and control circuitry, 
readying it for next trigger pulse. 
Analog fill-in from 2 to 12 usec. en- 
ables one to obtain any delay from 
2 to 1,002 usec.—Electro-Pulse, Inc., 
11811 Major St., Culver City, Calif. 


For more information circle 247 on inquiry card. 


Data-handling Systems 


New high-speed automatic system, 
including conventional office ma- 
chines, makes it possible to perform 
clerical tasks automatically at elec- 
tronic speeds; can process any kind 
of data, from inventory records to 


36 J 


petroleum prospectors’ test shots, in 
a matter of thousandths of a second 
for a single datum. Printed results 
and graphs are available. Low cost: 
a fraction of investment in so-called 
“giant brains.”—Electronics Div., Na- 
tional Cash Register Co., 3848 W. El 
Segundo Blvd., Haw thorne, Calif. 

For more information circle 248 on inquiry card. 


Pocket Adder 


New “Kes-Add” adds, multiplies 
and divides; is 5 in. long and 0.5 in. 


thick; weighs a little over 1 0z.—The 
Hart Vance Co., 3 St. Louis 3, Mo. 
cle 249 on inquiry card 


For more information 


Tape-chart Recorder 


New “Model 54-A Multiple-traverse 
Graphical-numerical Recorder” uses 
standard cash register tape but 


achieves large-scale record without 
loss in accuracy through multiple tra- 
verses of tape. Line graph is supple- 
mented by numerical printing of tra- 
verse identification. Chart drive can 
be clock time or a variable (numeri- 
cally printed on tape). Multiple-chan- 
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nel units can be furnished in stacked 
form; basic unit furnished for me- 
chanical shaft input to fit user’s own 
servo follow-up system. Available unit 
package consists of one or more chan- 
nels complete with servo amplifiers, 
controlled transformers or pots, mo- 
tors and gear trains to meet user’s 
requirements.—L. O. Research & 
Development Corp., 134 N. Wayne 
Ave., Wayne, Pa. 


For more information circle 250 on inquiry card. 


PHOTOGRAPHY 


Oscilloscope Camera 


New “Recordoscope 1185” is a fully 
automatic oscilloscope camera adapta- 
tion of “Polaroid” fast-print principle: 


delivers finished black field print in 
60 seconds or less. Fully-automatic 
magazine-shifting mechanism records 
3 to 16 traces per 3 x 4-in. print.— 
Aremac Associates, 329 W. Washing- 
ton St., Pasadena 3, Calif. 


For more information circle 251 on inquiry card. 


Rotating-drum Cameras 


New drum cameras have 6-in. and 
12-in. diameter drums; film speed of 
2400 ips. is available in “Model 912.” 
Instrument may be used for multi- 
channel recording of cathode-ray os- 


ye 
a 


3256" 


cillographs, also movement of a light 
spot reflected from mirror on string 
galvanometer or Bourdon tube, also 
movement of objects in motion.—Alle- 
gauny Instrument Co., Inc., 1000 Old- 
town Rd, Cumherland, Md. 


For more information circle 252 on inquiry card. 


Recording Camera 


ew “Beattie Varitron-S” for 35- 
vee + is a unitized compact model 
of 70-mm. “Varitron” all-electric re- 
cording camera. It differs from earlier 
models in that it is a complete unit; 
film magazine is not detachable from 
main body. It is focused by lens scale 
and bore sight; is furnished with 
ground glass and angle mirror unit; 
may be ordered with a non-focusing 








Computer Company of America, Division 
of Bruno-New York Industries Corp. also 
manufactures the IDA analog computers 
and accessories. Their usefulness in the field 
of dynamics has been proven over the years. 

A complete line of standard computers, 
instruments and regulated power supplies is 
supplemented by the ability to design and 
manufacture specialized equipment for your 
particular applications. Your inquiries are 
invited. 











HIGH RESOLUTION 
LABORATORY STANDARD 


DC VOLTMETERS 


For most applications these rugged portable, self- 
contained nulling voltmeters replace a potentiometer, 
voltbox, galvanometer and standard cell combination. 
They are suitable for laboratory use, production line 
testing and field service. 

Model LVM-5 


Voltage Range: 0-100 Volts DC 
Resolution: At least 50 microvolts between Oan:' 1 volt 
500 microvolts between 1 and 10 volts 
5 millivolts between 10 and 100 volts 
+ 0.1% of reading 
Infinite at null 





Absolute Accuracy: 
Input Impedance: 


Model PVM-4 


Voltage Range: 0-600 Volts DC 
Resolution: At least 5 millivolts between O and 10 volts 
50 millivolts between 10 and 600 volts 
+ 0.1% of reading 

Infinite at null 





Absolute Accuracy: 
Input Impedance: 


The Model LVM-5 may also be used as a deflection 
potentiometer, a sensitive null indicator and a precision 
millimicroammeter. Write for catalog PL which describes 
these instruments completely. Address Dept. IA 12. 


Geometers Company of America 
DIVISION OF BRUNO-NEW YORK INDUSTRIES CORP 
460 WEST 34TH STREET . NEW_YORK 1, N.Y l C 


For more information circle 40 on inquiry card 





MESURE & CONTROLE 


FOREIGN TRADE DEPARTMENT 
33, Boulevard d'Auteuil-Villa Jacqueline 
BOULOGNE surSEINE-FRANCE 


STRAIN GAGE BALANCE FOR 
AIRCRAFT WEIGHING 








‘ 
AUTOMATIC STRAIN GAGE BRIDGES 
FOR FIELD MEASUREMENTS ; 


e@ FEED BY STANDARD BATTERIES 
@ DIRECT READING OF a"/, 
@ INSULATION CONTROL 


A PRODUCT OF @ GAGE RESISTANCE CONTROL 


AOIP 


ASSOCIATION DES OUVRIERS EN INSTRUMENTS DE PRECISION 
USINE, LABORATOIRES ET BUREAUX, 8A14, Rue Ch. Fourier. PARIS 13° 





For more information circle 41 on inquiry card 
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NEW INSTRUMENTS flicker beam photometric system. It 
automatically records absorption spec- 
tra in wavelength region of 2000 A to 
2.6 microns. Accuracy 0.002 absorb- 
ance units or 0.2 percent of absorbance 


DYNOGRAPH being read, whichever is greater. Dual 


pen recorder’s absorbance range of 


ttle) *i0) | NGS 0.0 to 2.0 is made to cover an effective 
- a tf chart width of 20 in. Standard attach- 

ments and individual special instru- 

ment modifications may be obtained. 
Applied Physics Corp., Pasadena, 
Calif. 





Here is exceptional stability, 
sensitivity and versatility that 
ollows simultaneous direct : 
pevstiings of @ wide variety aaa Aerosol and Smoke 
of transient voriables. ; Photometer 
lens pre-focused for any distance. 
Lenses are standard 35-mm. /f2.5 An- New “JM-1000” forward-scattering 
genieux in focusing mount.—Photo- aerosol and smoke photometer fea- 
graphic Products, Inc., 1000 North tures extreme sensitivity by measur- 
Olive St., Anaheim, Calif. 
F nf ytior rcle 253 nau 
LABORATORY 
Microspectrophotometer 
New double-beam microspectropho- 
tometer can be used to analyze solu- 
tions in volumes from several mil- 
liliters down to 0.015 ml.; design al- 


255 


3474 
ing forward-seattering at small an- 
gles which may be 100 to 10,000 times 
greater than scattering in all other 
directions. Many standard and special 
accessories are available such as re- 
corders, logarithmic and linear ampli- 
fiers.—Phoenix Precision Instrument 
Co., 3803-05 N. 5th St., Philadelphia 
40, Pa. 
F nformatior e 256 


Triple-beam Balance 


3458 New “Cent-O-Gram Model C.G. 
OFFNER DYNOGRAPH 311,” with sensitivity of 0.01 gram 
lows use of interchangeable micro and and capacity of 311 grams, bridges 
EC RDER macro cuvettes without change of 
components or settings. Readings (of 
ratio of optical densities of concen- 
A high speed, direct writing oscil- trations) are linear with concentra- 
logroph with chopper type am- tion; system reduces lapsed time per 
lifier sample to approx. 30 sec. and makes 
P < possible time reaction studies. Ultra- 
30 times as sensitive. The violet and visible light sources are 
Dynograph hos o d-c sensitivity instantly interchangeable.—Jarvrell- 
of over 15 microvolts per milli- Ash Co., 26 Farwell St., Newtonville, 
meter. Mass. 
f 


Absolutely non-drifting. 4 
While competitive recorders drift Spectrophotometer 
1 mv per hour or more the Dyno- New “Model 14 Cary Recording 
graph is absolutely non-drifting. Spectrophotometer,” with wavelength 
Over Bemotpen excursion. "2" ester to include near infra 
> é y ‘rease otometric 
ae of i \ wil accuracy, incorporates a newly de- ' : 
per e recording of large signed double monochromator and gap between analytical balance and 
dynamic variations. conventional trip balance. Exposed 
One fifler for all uses. _ parts are stainless steel.- Ohaus 
, Scale Corp., 1050 Commerce Ave., 
Other recorders require three or elles af J 
more separate amplifiers for the : ' = Giannis « 257 
some applications. F 
For technical details write for Blood-count Automator 
Bulletin 1-742. New “Arithmometer” makes com- 
plete blood counts automatically in 


OFFNER t — less than 2 minutes. A built-in micro- 
ELECTRONICS Inc. : scope forms an image of the cells in 
front of a photomultiplier, which de- 

5326 1, Redete Ave, Citenge 88, U.S.A; tects the image of each cell that passes 
across its photocathode; resulting 


254 
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of power transformers with the 


NEW "KELLER" 
TRANSFORMER RATIO METER 


References: 
Belgium: 
Canada: 
Germany: 
Spain: 


Constructions Electriques Pauwels S. A., Malines 
Brown, Boveri (Canada) Limited, St. Johns, Quebec 
AEG Transtormatoren-Fabrik Stuttgart - Bad Cannstatt 
La Electra Industrial S. A., Tarrasa 

AB Svenska Transformatorfabriken, Linképing 


*’ 
Sweden: 
Switzerland: Brown, Boveri & Cie. A.G., Baden 
Ask for bulletin: Aa 102 H3 





A Superior Detector 


for 


Infra-Red Spectroscopy 


GOLAY 
PNEUMATIC 
DETECTOR 


Among the characteristics that render the Golay Detector superior to other types 
of detectors for use in infrared spectroscopy are: 


1. An effective sensitive area 3/32” in diameter. 
Sensitivity of 6 x 10°11 watts RMSENI when used wich “chopped 


, beam” method and with recording time conctant of 1.6 second. 
Uniform sensitivity from the ultra-violet through the visible and the 


entire infra-red, and up to the micro-wave region. 
Improved, drift-free, A.C. operated amplifier with step gain controls 


and four response periods. 


THE EPPLEY LABORATORY, INC. 
SCIENTIFIC INSTRUMENTS 
2 SHEFFIELD AVENUE, NEWPORT, RHODE ISLAND, U.S.A. 


Write for EPLAB Bulletin 
No. 10 
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Coolant: Dry ice, 15 Ibs. capacity 
g heat against dry ice 


evaporation. Permanent Thermometer 


ic Strip Heater 
Test Load Access: Removable tray, w 


Write for literature. 


Dry ice Loading Port 


for taboratory and production line use. 
Heater: Electr 


Temperature Range 
Control: Thermostat, balancin 


The Model TC-2 Temperature Test Chamber is 
Holding Accuracy: 


a portabie, self-contained, easy-to-operate unit ideal 


th 15 through ports 


Test Load Capacity: 600 cubic inches 


Power Requirements: 115 volts, 5 amperes, 
50-60 cycles, single phase 


12411 W. Olympic Bivd., Los Angeles 64, Calif. 








ms 


; 

' 

: 
; 
i 
; 


means ee meatal 


RE TESTS 


TEMPERATURE 
TEST CHAMBER 


PORTABLE 


‘ “ See Ak 7 
For more information circle 48 on 


Price *550°° 
F.0.8. LOS ANGELES 


inquiry cerd. 





NEW INSTRUMENTS 





pulses are fed into a simple compute) 
circuit; count is displayed on a dial 
calibrated in millions of red cells pet 
cubic mm. and in tens of thousands 
of white cells per cubic mm. Blood 
may be analyzed for white or red 
cells by panel switch selection and 
choice of solution in which cells are 
suspended.—Jarrell-Ash Co., 26 Far- 
well St., Newtonville, Mass. 

For more infor rcle 258 


stior e 


Centrifuge 


New “Series 54 Electrifuge-Hema- 
tocrit” is designed to conduct 36 tests 
simultaneously; utilizes new improved 


Guest-Siler technique with hepari 
nized capillary tube.—Chicago Surgi- 
cal and Electrical Co., 217 N. Des 
plaines St., Chicago 6, Ill. 

For re informat 259 


Dry-atmosphere Box 
New portable (15-lb.) transparent- 
plastic “Controlled Atmosphere Dry 
Box” features sealproof hand entry 


diaphragms; can be hermetically 
sealed in 30 seconds. Relative humid- 
ity is automatically controlled to a 
constant 1 percent. Standard air-lock, 
filter system to control dust to 1 mi- 
cron, glove assembly, etc. Because of 
low price, fast delivery, box can be 
thrown away after radioactive con- 
tamination.—P. M. Lennard Co., Inc., 
671 Bergen St., Brooklyn 38, N. Y. 


For more information circle 260 on inquiry card. 
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Laboratory Stirrer 


New “3-Speed Stirrer”’ features 
maker’s “Hollow Spindle’ and con- 
tinuous light duty operation at 500, 


343) 


750 or 1000 r.p.m.; 1/50-hp.  split- 
phase induction motor by Bodine de- 
velops 4 oz.-in. torque.—Eberbach 
Corporation, Ann Arbor, Mich. 
formatior @ 269 on inquiry 


Zirconium-are Outfit 


New Zirconium Arc Lamp Illumina- 
tor and Power Supplies combine to 
form a complete self-contained sys- 


tem. Superiorities of new lamp are 
said to include: Source as small as 
0.003 in.; intensity up to 46,000 ft.-c. 
sq. in.; low heat content of light 
heam; favorable spectral distribution; 
availability in sizes 2, 10, 25, 100 and 
300 watts.—Purton Mfg. Co., 11201 
W. Pico Blvd., Los Angeles 64, Calif. 
re inforr 262 uiry card 


e ation : 


DIMENSIONAL 


Measuring Microscope 


New direct-measuring erect-image 
microscope on industrial-type base 
allows much greater flexibility in use 
than maker’s unmounted pocket com- 
parator.—Edmund Scientific Corp., 
Barrington, N. J. 





I. D. Gage 


New “Tube Gage” measures inside 
diameters of small tubes and tube 
sheet openings in condensers and heat 
exchangers; reads directly in thous- 


3436 


andths; enables tube expanders and 
controls to be set accurately for exact 
tube rolling; utilizes three-point con- 
tact method essential for accurate 
tube measure.—Lagonda Division, El- 
7 bats nit tng unr Ohio. 

rs re information circle 264 on inquiry card. 


I. D. Gages 
New “Adjustable Boregages” are 
said to “provide the first major ad- 
vance in simplification and cost re- 


duction of bore gaging since the de- 

velopment of the plug gage.” Fifteen 

sizes, 0.995 in. to 6.005 in. Photo and 
wy 4 SOOT 


lls ang ‘i 





outcry 3454 


dvaiaitins show Pen and method 
of use.—M. C. Hutto Co., 6516 De- 
troit Ave., Cleveland 2, Ohio. 

For more information circle 265 on inquiry card. 


I. D. Gage 


New “Self-Centering Dial Small 
Bore Gage” checks bores rapidly for 
size, taper, oval form and bell-mouth 
at any point and depth; is centered 

Aga 4 b 


automatically inside bore by means 
of a spring-loaded bridge whose cradle- 
shaped ends form an equilateral tri- 
angle with feeler point. Measurements 
are taken by inserting shaft into bore, 
rocking it around and reading dial. 
Seven standard sets, in ranges from 
0.2 in. to 4 in—George Scherr Co., 
Inc., 200 Lafayette Street, New York 
12, New York. 

For more nformation rcle 266 


I. D. Gage Kit 


New “Adjustable Airebore Gage 
Kit” permits any size hole between 
3 and 12 in. diam. to be inspected 
for size, taper, and out-of-roundness. 








INSTRUMENT SERVO MOTORS 


Designed for use on recording instruments where rapid accelera- 
tion and deceleration are of primary importance. 

DIEHL Instrument Servo Motors feature a novel construction 
with an integrally molded stator and housing. Liberal design 
characteristics are built-in so that long life can be expected even 
under severe ambient temperature conditions. 

While intended primarily for commercial use, these Servo motors 
meet pertinent JAN specifications for resistance to humidity, 
salt spray, fungus, shock and vibration. 


SPECIFICATIONS DIEHL NUMBER 
FPE21L-27-1 | FPE2S5L-92-1 








Output (Watts) 

Frequency (Cycles) 

Poles 

Reference Phase (Volts) 

Control Phase (Volts) 

Reference Phase (Watts) 

Control Phase (Watts) 

Control Phase Impedance (Ohms) 
Locked Torque (Oz.-In.) 

Theoretical Acceleration (Rad/sec.2) 











Our engineering staff will gladly help you select the motors best suited 
to your specific requirements. A request on your letterhead will bring you a 
copy of Technical Manual No. IN- 1254 describing Diehi Servo Motors 
and related equipment. 


Other Available Components: 


D.C. SERVO SETS © RESOLVERS 
MINIATURE PERMANENT MAGNET D.C. MOTORS 


DIEHL MANUFACTURING COMPANY 


FR 


Plant SOMERVILLE N J 


information circle 46 on inquiry card. 
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ENVIRONMENTAL 
TEST EQUIPMENT 


TEMPERATURE-HUMIDITY test chamber 
with automatic control of temperature from 
+ 500° F to —100° F and lower. 


ALTITUDE - TEMPERATURE-HUMIDITY 
cylindrical test chamber with completely 
automatic operation and recording; + 500° 
F to —100° F, to 80,000 ft. and higher. 


EXPLOSION chamber with double safety 
features for testing under explosive 
t h ditions up to 50,000 ft. 


Pp ec 





American Research offers a complete line of 
Environmental Test Equipment for simulating 
conditions of high and low temperature, alti- 
tude, relative humidity, sand and dust, rain 
and sunshine, fungus, explosion, gas and air 
chilling, etc. @ Designed and built in a variety 
of sizes and ranges to meet all government 
specifications and individual requirements. 


Write for catalog 


AMERICAN HESTARLH 


CORPORATION 
333 BROOK ST BRISTOL, CONN 
f e informatior rcle 47 on inquiry card 
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It consists of a triangularly shaped 
spindle body to which are mounted a 
“Plunjet” gaging cartridge, and these 
interchangeable components: center- 
ing foot, handle connector, length 
extensions, and adjustment screw. 
“Plunjet” cartridge, connected to a 
column type “Precisionaire,’ provides 
1000 to 1 amplification.—Shef field 
Corp., Dayton 1, Ohio. 
f re informatior e 267 or sry = 
MACHINE AUTOMATION 
Gear-line Automation 

New modification of maker’s “3-way 
Gear Selector” is applicable to prac- 
tically any gear cutting or finishing 
machine, permits automatic control- 
ling of such machines: automatically 
re-adjusting each machine any time 
an oversize or undersize gear comes 
off that machine. Device will correct 
machines for dimensional errors caused 
by tool wear and even by changes in 
temperature during the day. It oper- 
ates by automatically comparing each 
gear produced against two master 
gears.—Michigan Tool Co., 7171 E. 
MeNichols Rd., Detroit, Mich. 

r more information circle 268 on ir 
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Rolling-mill Controller 


New automatic system for con 
trolling thickness of metallic strip 
leaving cold reduction mills operates 
in conjunction with maker’s ‘“Meas- 
uray,’ and “X-ray Thickness Gage,” 


raises or lowers screwdowns on mill. 
System is said to include “controls 
that anticipate whether screwdowns 
need adjusting either up or down. 
This feature eliminates hunting 
and/or overcorrection, thereby hold- 
ing closer tolerances than ever before.” 
Sheffield Corp., Dayton 1, Ohio. 
e inf t 269 


Rolling-mill Controller 


New “Model E Automatic Mill Gage 
Control Unit,” for use in conjunction 
with continuous mill gages, automat- 
ically corrects thickness variations 
in materials being rolled. Whenever 
gage registers an undersize or an 
oversize, unit commands screwdown 


9° 


motor (or other mechanism) inter- 
mittently, allowing a delay for correc- 
tion to reach gage. Duration of cor- 
rection is proportional to deviation, 
to prevent hunting and overshooting. 
Safety features: automatic shut-down 
of unit for: tube failure, mill stop- 
page or slow-down below preset rpm., 
or correction process taking too long. 
Pratt & Whitney, Div. Niles-Be- 
ment-Pond Co., West Hartford 1, 
Conn. 
For formatior © 270 


Tool-operation-count 
Preset Controller 


New “Tool Control Unit,” for screw 
machines, drill presses, gear hobbers, 
punch presses, etc., is available in 


four sizes with one, two, four or eight 
“Toolometers.” Pointer on each “Tool- 
ometer” is set at a count representing 
expected output of pieces per tool 
sharpening, at which point machine 
automatically shuts down for tool 
change.—The Cross Co., Dept. 59P, 
Detroit 7, Mich. 
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Automatic Gear Hardener 


New “No. 1 Gear Surface Hard- 
ener” features automatic control as 
oxy-acetylene flames traverse each 
individual tooth separately: radiation 
pyrometer, focused on tooth being 
heated, commands a balancing mech- 
anism which controls travel of burn- 


ers along tooth. Operation is entirely 
automatic after temperature is set 
and machine started. In normal oper- 





ation, machines are indexed so that 
teeth hardened successively are non- 
adjacent. This prevents change in 
bore diameter during hardening; min- 
imizes internal stresses. Water or oil 
quenching if desired, and adjustments 
for coolant streams as close to or as 
far from heating point as desired. 
The Gleason Works, 1000 University 
Ave., Rochester 3, N. Y 
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Automatic Tapper 

New automatic 

electropneumatic 

tapping unit, for 

high-speed sensi- 

tive threading 

(to 6/16 in.) 

with complete 

elimination of 

tap breakage, in- 

corporates an air 

motor with elec- 

tropneumatic 

control which 

provides for mo- 

mentary tap re- 

versals at rates 

up to 200 cycles 

per minute. Tap 

chuck is driven 

by a mechanism supersensitive in 
detecting resistance to cutting force. 
Hole depth can be preset to 0.0035 in. 
Unit operates from plant air supply 
(70-125 psi.). Time for operation cy- 
cle—exclusive of tapping time—is less 
than a half-second.—Smith & Wiese 
Co., 1265 W. 2nd St., Cleveland 13, 
Ohio. 


For 
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Soldering Gun 
New “Junior Model 8100” soldering 
gun with ample power for all genera! 
soldering (over 100 watts) incorpo- 


3387 


rates many features found in larger 
models; makes a useful second solder- 
ing gun in tool kit; will withstand 
impact of other tools.—Weller Electric 
Corp., 808 Packer St., Easton, Pa. 
For more formation circle 274 nquiry card 
Soldering Unit 

New “Model 23” was developed for 
soldering printed circuits, germanium 
diodes, transistors, etc. Method pre- 


MODEL 432 
» INTERVAL TIMER 


POTTER INSTRUMENT CO. INC GREAT weex wy 


LEVEL ine 
ut 
ADJUST SELECTOR 


MILLISECONDS 


ws : e 
/ ty 
0 100 
w& 
MULTIPLE 


‘ _ | WAVE Form ENERGIZE 


Count * ‘ y; 
RESET @) 
o 


RANGE SELECTOR 


Here's a low-cost solution 
to your high-precision 
timing problems 


The New Potter Model 432 Interval Timer is a general-purpose instrument for timing 
relays, camera shutters, high-speed machine operations, and for calibrating electrical 
and mechanical timing devices. It is simple to operate—even an unskilled operator 
can make interval measurements to within 0.00001 second. 


Versatile Input Circuits permit measurement of time between any combination of 
voltage changes, contact opening, or contact closure, thus accommodating a wide 
variety of timing problems. 


Timing is Achieved by Electronically Counting the number of pulses produced by a 
high-frequency crystal-controlled time-base oscillator during the unknown interval. 
Three time-base frequencies (1, 10, and 100 kc) are provided for making measurements 
in increments of 0.01, 0.1, and 1 millisecond. Results are displayed directly in milli- 
seconds with an illuminated decimal point—misinterpretation of readings is virtually 
impossible. 


Maximum Timing Range of the 432 is 1 second; this can be extended to 1,000,000 
seconds by addition of a mechanical register (available as an optional feature). The 
432 also serves as a totalizing counter (can be used to count relay contact bounces) 
and as a secondary frequency standard with outputs of 100 kc, 10 kc, 1 kc, 100 cps, 
10 cps, and 1 cps for general laboratory use. 


Descriptive Literature Is Yours for the asking. Write today and see how this compact, 
low-cost instrument can solve your timing problems with greater accuracy and 
convenience. 


POTTER INSTRUMENT COMPANY, INC. 
115 Cutter Mill Road, Great Neck, N. Y. 
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XACIEMP: 


, Low Temperature - General — 


HAND PYROMETER 


F 





Type LT-840 

low temperature 
Xactemp Pyrometer 
with rigid extension 
arm and surface 
tip thermocouple. 


1001 USES 


This is the answer to 
quick, accurate tem- 
perature readings below 
800° F. in many industrial 
processes and operations. 
And it's so convenient to 
handle. 
The Xactemp hand-type 
pyrometer, Model LT-840, is 
used with needle thermocouples, rib- 
bon thermocouple, surface tip ther- 
mocouple, and other specially de- 
signed thermocouples and extension 
arms. These are easily interchange- 
able and, without adjustments or 
recalibration of the instrument, quick- 
ly ready it for measuring the surface 
temperature of stationary and re- 
volving rolls and cylinders, flat and 
irregular surfaces of molds, dies, etc. 
in rubber and paper making, plastic 
materials, rubber, wax, oils, greases, 
and other semifluid materials. 
Handy, compact design makes this 
Xactemp pyrometer ideal for field 
service, laboratory, and production- 
line use. 


Price Xactemp Pyrometer less thermocouples 
. ooceee$St,50 


Write for detailed, descriptive litera- 
ture on Gordon Xactemp Pyrometers. 


eeeeee 





°¢ SERVICE: >: 
CLAUD S&S. GORDON CO. 


Manufacturers & Distributors 


Thermocouple Supplies « Industrial Furnaces & Ovens 
Pyrometers & Controls + Metallurgical Testing Machines 


Dept 2! + 3000 South Wallace St., Chicago 16, III. 
Dept. 2! + 2035 Homilton Ave.. Cleveland 14, Ohio 
| a tie : a 
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NEW INSTRUMENTS 





can be controlled 
by means of adjustable heat-controller 
and timer.—Vemaline 
P. O. Box 222, Hawthorne, N. J. 

e 275 on inquiry card 
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Steel Seldering Flux 


New “Poly-Flux” is a liquid flux 
formulated to make solder flow and 
hold on iron and steel as easily as on 
copper, bronze, zinc, etc.; thoroughly 
removes surface oxides; comes in 2-oz. 
containers.—/ ndustrial Craftsmen, 
Inc., 145 High St., Boston 10, Mass. 
For re inform e 276 on inquiry card 
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Thermocouple Welder 


_ New “Kup-L-Weld” provides weld- 
ing by push button, available for in- 
stantaneous use. Many different met 





als and alloys, in wire sizes from 14 
to 30, can be joined.—Burrell Corp., 


2223 Fifth Avenue, Pittsburgh 19, 
Penna. 
For more inforr 


nation 
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Vacuum Coater 


New vacuum coater features built- 
in photometer which measures coating 
thickness; space for placing any type 
of filter in optical path. Vacuum sys- 
tem features a rapid pump-down cy- 
cling time by means of diffusion-pump 
by-pass valves. Standard items also 
include complete gaging, filament- 
heating controls and instruments, and 
high-voltage electrical clean-up power 
supply.—A merican Instrument Co., 
Inc., Silver Spring, Md. 

For m rcle 278 on inquiry card 
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Bidirectional Torque Tool 


New torque tool measures both left 
(previous 
has 


and right torque 
measured right only); 


models 
inter- 





3258 


changeable bits so that it can be used 
as a torque screw driver or socket 
wrench. Several ranges in both inch- 
grams and inch-ounces.—Apco Moss- 
berg Co., Attleboro, Mass. 

For more informat e 279 
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vents overheating or burning of parts. 
| Soldering closely 


’ 
Products Co., 





Metal-marking Typewriter 
New version of “Automark” elec- 
tric typewriter for marking metal 
name plates has standard keyboard, 





has no levers to pull or dials to spin, 
can produce as many as 75 characters 
per minute.—Defiance Machine & Tool 
Co., Inc., 1920 S. Vandeventer, St. 
Louis 10, Mo. 
} forr 


ation 
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MECHANICAL TESTING 
Paper Smoothness Tester 
New ‘‘RD 


Smoothness Test- 
er” determines 
smoothness of 
both felt and wire 
sides of paper, 
separately and si- 
multaneously; 
embodies refined 
methods of test- 
ing paper smooth- 
ness; is for use in 
laboratory tests 
by skilled person- 
nel, rather than 
in actual produc- 
tion (where mak- 
er’s ‘*S-P-S”’ 
[Smoothness - Po- 
rosity-Softness] tester is in use).— 
Industrial Div., W. & L. E. Gurley, 
Troy, N. Y. 


4 a 
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Testing Machine 


New “Model TH-5 Cal-Tester” is 


said to be “the first low-cost hydraulic 
tensile testing machine to meet the 
Navy, 


Army, Federal and ASTM 






specifications for a guaranteed accu- 
racy of +1% of indicated load,” has 
dual capacity load ranges of 0-1000 
lbs. and 0-5000 lbs.; weighs 70 lbs.; 
is approx. 36 in. long. Available ac- 
cessories adapt machine to compres- 
sion and flexure tests. Among fea- 
tures: self-aligning grips, replaceable 
insert jaws, micrometer action on load- 
ing mechanisms; automatic protection 
against damages from overtravel and 
overloading.—Pacific Scientific Co., 
1430 Grande Vista Ave., Los Angeles 
23, Calif. 


e 
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Nozzle Test Stand 
New “Type 416 Universal Fuel Noz- 
zie Test Stand” contains its own sup- 
ply tank, pumps, filters and tempera- 
ture control system; can be supplied 


with both a high-pressure flowmeter 
and a direct-weigh system, or with 
flowmeter alone. Direct weigh method: 
time required for a known weight of 
fuel to flow through nozzle being test- 


ed, from where it is sprayed into 


cone-shaped “patternator” (at left). 
Commercial Research 
Ine., 20 Bartlett St. 


Laboratories, 
, Detroit 3, Mich. 
e 283 on inquiry card 


Balancing Machines 


New horizontal static-dynamic bal- 
ancing machines feature “Electodyne” 
indicating system whereby automatic 


indication of unbalance is secured 
instantly for selected plane of cor- 
rection: angle and amount of unbal- 
ance clearly shown; plane of correc- 
tion charged quickly with pivot shifte1 
assures positive plane separation. 

Tinius Olsen Testing Machine Co., 
4058 Easton Rd., Willow Grove, Pa. 
Cae mar antes + e 284 aout 


ELECTRICAL TESTING 


Eleectromechanical 


Equipment Testers 


Three new test stands are capable 
of testing performance of Lear (or 
other makes of) electromechanical 
equipment under rated loads. Uni 
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TO MORE DEPENDABLE 


ANNUNCIATOR 
PERFORMANCE 











tic, 


WITH NEW 
“INSTRUMENT-TYPE”’ 
CONSTRUCTION 


LOOK inside the new Universal PANALARM ‘'50"". You will 
realize that here, at last, is an annunciator system built for 
long term dependability and service. Built to match the re- 
sponsibility an annunciator must assume in your plant. 

The PANALARM ‘'50"’ Cabinet has a substantial hinged 
with sub-door to allow easy access to signal lamps. 
. pré-wired to handle 


door... 
It has'a new, rugged chassis design . . 
any standdtd audio-visual signal requirement . . . and $q flexi- 
ble thaf signal sequences can be changed by simple terminal 
connections. No re-wiring is needed. : 

All moving parts and contacts of the PANALARM ‘'50"’ are 
within hermetically sealed, plug-in units. They are corrosion-proof 
and suitable for Class 1, Div. 2 locations. All connections are made 


to a single terminal block .. . with ample space for wiring. 


SEND FOR COMPLETE 40-PAGE MANUAL 


Ask for ( atalog | \).] 


PANALARM PRODUCTS, INC. 


yright 195 


PALMER 


Presents 


an outstanding 


improvement in 


DIAL THERMOMETERS 


external 
calibration 


Full 32 Dial Face 





No Sector 
* No Pinion 
* No Linkage 
¢ Constant Accuracy 


* Easy Readability 


Consult Your Classified Directory 
WRITE FOR BULLETIN 350 


PALMER 


THERMOMETERS, INC. 
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versality is achieved by means of non- 
special test leads which fit any unit, 
regardless of type of connection, with 
minimal adaptation. Test stands are 
available either as a package or sepa- 
rately.—Field Service Dep't, Lear, 
Inc., 110 lonia, N.W., Grand Rapids 2, 
Mich. 

For re 285 


Corona Test Set 


New “Model 3” facilitates nonde- 
structive testing of insulation in elec- 
trical equipment by detection of elec- 


tric discharges that may result when 
an a-c. test voltage applied to such 
equipment exceeds a critical value. 
Sets embody safety, simplicity, and 
reliability to such a degree that op- 
eration by engineering personnel is 
not required.—James G. Biddle Co., 
1316 Arch St., Philadelphia 7, Pa. 

For re informatior e 286 
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Calibration Equipment 


New “Model 829 AC-DC Instrument 
Calibration Equipment” can be used 
for small-lot production testing, as 
a laboratory current and voltage 
standard, and by instrument repair 


groups. Electrical interlocks protect 
against misoperation. Calibration 
charts show comparison of all ranges 
to basic standards with recent NBS 
calibration certificates. Seventy-five 
ranges, a.c. and d.c., mv. and ma. to 
1500 v.ac., 2000 v.de., 20 amps a.e. 
and 20 amps. d.c.—Radio Frequency 
Laboratories, Inc., Boonton 17, N. J. 
f » tat ait P 287 nauiry need 


Portable Color-bar Generator 


New “Model 655XC” 
NTSC Standard, 


produces a 
100-perecent fully- 
saturated color bar pattern on _ pic- 
ture tube of any color-TV_ receiver; 
will be compatible regardless of fu- 
ture color-TV receiver design. Signal 
is identical to signal transmitted; in- 
cludes “Reference White” reference 
basis. Unit has provision for switch- 
ing on or off Y, chroma, I, Q, R-Y 
or B-Y; comes in a leatherette carry- 
ing case and can be adapted for rack 
mounting.—The Hickok Electrical In- 
strument Co., 10519 DuPont Ave., 
Cleveland 8, Ohio. 


f 
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Cireuit Analyzer 


“Model 200 Universal Auto- 
matic Electrical Circuit Analyzer” 
tests complex aircraft cabling 
tems or control panel assemblies at 
speeds up to 200 circuits in 20 sec- 


New 


sys- 


3428 


onds; has 200 separate test positions 
with separate facilities for operating 
external devices such as relays, at 
any test position. Multiplier sections 
can be added, bringing standard 200- 
circuit analyzer (shown in photo) up 
to 600- or 1200-circuit capacity. Visi- 
ble matrix type reference charts pin- 
point circuit errors.—Electronics Div., 
DIT-MCO, Inc., 505 W. 9th St., Kan- 
Missouri. 
289 or 
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Strain-gage Bridge 


New automatic strain-gage bridge 
is for field use by unspecialized per- 
sonnel on structural members, dams, 


3500 


bridges, etc. It includes a setting for 
“k” coefficient of gages employed; 
yields direct readings of relative 
elongations; has six channels, each 
using two gages.—A.O.1.P., 2 rue Jac- 
queline, Boulogne (Seine) France. 
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Power Supply Tester 
New “Model D- 
1 Regmeter” 
measures power 
supply internal 
resistances di- 
rectly from 0.02 
to 1,000 ohms in 
sources with out- 
puts from 0 to 
500 volts; may 
be used also as a 
stable a-c. volt- 
meter for measurements of millivolts 
and volts from 5 cps. to 10 ke.; serves 
as a general linear ohmmeter; and 
measures ripple and noise. Its high- 
gain amplifier employs negative feed- 
back for stability and linearity.—Alto 
Scientific Co., 3404 Cowper St., Palo 
Alto, Calif. 
e informat 291 








Fault Locator 


New “Universal Model 54” of mak- 
er’s “Brunt Faultfinder’’ portable 
ground detector and fault locator for 
use on energized power lines has a 
voltage selector switch whereby in- 





strument may be used on power volt- 
ages of 120, 240, 480, or 550, a.c. or 
ungrounded d.c.—Parr Mfg. Corp., 44 
Austin St., Newark 5, N. J. 
For more informatior © 292 on inquiry card 
VTVM 

New “Model 249 Peak-to-Peak 

VTVM” is said to offer a combination 


of laboratory precision and versatil- 
ity features. New “Dual Purpose 
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ADAC shown in plastic case is normally 
hermetically secied in meta! cover 





KEARFOTT ADAC 


servo 
Analog 
Digital 
Analog 


Converter 
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ADAC is a device for the precise 
electro-mechanical conversion of analog 
information to digital form. ADAC works 
from a synchro voltage input and produces 
a 12-binary-digit informational output. 






This servo driven Converter is de- 
signed to be read-out either “on the 










Ac/De. Uni-Probe” comes with either 
kit or wired instrument; is a time- 
saver as it performs all functions. 
Center scale zero adjustment for TV 
FM alignment, and for calibration 
from outside cabinet.—Electronie In- 
strument Co., Inc., 84 Withers Street, 
Brooklyn, N. Y. 
eo ae 
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ELECTRICAL 
INSTRUMENTS 
Rectilinear-coordinate 
-chart Reeorder 


New “Model 100” is designed to 
afford maximal versatility for re- 
search, product testing, etc. Input re- 
sistance of 4% megohm and full-scale 
sensitivity of 100 mv. permit use in 













run” or “on demand”. For read-out, 

the digital computer sends an inter- 
rogating pulse to all the drums (and 

their segments) in common. The pulse can 
only return to the computer via the brushes 
contacting the tracks. If a brush is on a con- 
ducting segment, the pulse returns to the 
computer; if the brush is on an insulated 
segment, the pulse is blocked. All 12 tracks 
are simultaneously read and the return 
pulses are thus coded to represent discrete 
steps of the transducer feeding ADAC. 


By using precision servo components, the 
accuracy of ADAC has been reduced to 


KEARFOTT COMPONENTS 
INCLUDE: 


Gyros, Servo Motors, Synchros, Servo 
and Magnetic Amplifiers, Tachometer 
Generators, Hermetic Rotary Seals, 
Aircraft Navigational Systems, and 
other high accuracy mechanical, elec- 
trical and electronic components 

Send for bulletin giving data of com- 
ponents of interest to you 


December 






A SUBSIDIARY OF GENERAL PRECISION 


KEARFOTT COMPANY, INC., LITTLE FALLS, WN. J. 
Soles ond Engineering Offices: 1378 Main Avenve, Clifton, N. J. 


Midwest Office: 188 W. Randolph Street, Chicago, Ill. 
West Coast Office: 253 N. Vinedo Avenve, Pasadena, Calif. 
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one part in 4096 (.02%), or approximately 
5 minutes of transmitter rotation. It weighs 
only 2'/, pounds and measures three inches 
in diameter and four inches in length. The 
device is hermetically sealed and is highly 
shock resistant. The T3100 Servo Amplifier 
provides the necessary excitation for the 
servo elements of the Converter. A direct 
drive ADAC providing the segmented drums 
and necessary gear trains, and an inverse 
ADAC for digital-analog conversion is avail- 
able. 


Let us send you complete data sheets. Write 
today. 
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EQUIPMENT CORPORATION 


South Central Office: 6115 Denton Drive, Dallas, Texas 


» 52 juiry card 
futomation—-Page 1927 














temperature 
controlled 


linear 
accelerometers 


is usefulness of Statham 
unbonded resistance strain 
gage accelerometers has been 
further extended by special 
temperature control packaging 
which ensures that dynamic 

as well as static characteristics 
remain constant despite tem- 
perature variations such as are 
encountered in flight applica- 
tions. 





Operation through the ambi- 
ent temperature range —65 

F. to + 120° F. is afforded by 
means of an electrical heater 
jacket with a peak power input 


of approximately 20 to 30 watts. 


Depicted is the Model A17 
accelerometer which is offered 
in ranges from +l1gto + 15g. 
Other temperature controlled 
models cover ranges from 
+0.5g to + 15g. 


Please request 
Catalog Bulletin 
No. AT.1. 


12404 W. Obmpie Bivd. «Los pee 64, Calif. 


f more infe atior e $3 on inquiry card 
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‘onjunction with photocells, thermis- 
| tors, ete., without additional ampli- 
| fication. Pen speed 1 inch per second; 
| accuracy 1 percent; reproducibility 
better than 0.5 percent. Front panel 
zero contro] sets pen at any point on 
6-in. strip chart. Available chart 
speeds from 4 ipm. to 1 iph.; exten- 
sion of chart drive shaft enables me- 
chanical synchronizing. The pen is 
positioned by servo of self-balancing 
potentiometer. Servo unit available 
separately for use with turntable 
‘hart drives for polar coordinate plot- 
ting or as a remote positioner.—Haza- 
trol Corp., 215 Market St., San Fran- 
cisco 5, Calif. 
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Cathode-ray ’Scope 


New “Type 327” CRO, capable of 
precise measurements of time and 
amplitude within frequency range of 
d.c. to 5 Me., has convenience and pre- 
cision of a laboratory quality instru- 
ment without a premium price for un- 
needed bandwidth. Linear vertical am- 
plifier which can be calibrated for 
full-scale deflection makes it a cath- 
ode-ray voltmeter. Fifty-nine precisely 
calibrated steps of sweep generator 
cover range of 1 sec. to 1 usec. dura- 
tion on a 4-in, scale.—Instrument Di- 
vision, Allen B. Du Mont Laboratories, 
Inc., Clifton, N. J. 
| re informal e 295 on inquiry card 


Portable Standard 


Refer- 
features 


redesigned “Model C 
Polyranger” 


Newly 
ence Standard 


5483 


14 ranges of current and voltage; 
accuracy of 0.25 percent; 6-in. scale 





length; exceptionally high torque- 
weight ratio.—Sensitive Research In- 
astrument Corp., 9 Elm Ave., Mt. Ver- 
non, N. Y. 

nf { 
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Rack-mounted 
New “FT-11” 


*Scope 


single-channel oscil- 


| loscope can become an integral part 


of operating and control equipment. 
Feature is accessibility of all compo- 


aT 


nents despite rack mounting. Flat- 
face 5-in. CRT is of electrostatic focus 
and deflection type. Accelerating po- 
tential is 2000 v. over-all. Frequency 
range of both horizontal and vertical 
amplifiers is 0 to 100 ke. down 8 db 
at 200 kce.—Electronic Tube Corp., 
1200 E. Mermaid Lane, Philadelphia 
18, Pa. 
For more informat 
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Megohmmeter 


New “Megpot” can test to 10 million 
megohms at 200 or 500 v.de.; is com- 
bined with a 3000-v.ac. high-potential 


test set and built-in calibrator. In- 
dicator with range of 0.02-3.0 ma. 
flashes when allowable leakage is ex- 
ceeded.—National Instrument Co., 
Div., General Hermetic Sealing Corp., 
99 E. Hawthorne Ave., Valley Stream, 
nN. 


For mor ntormation 
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Large-screen ’Scopes 


New large-screen oscilloscopes with 
21-in. and 17-in. rectangular tubes 
are designed for data plotting, pro- 
duction test, waveform analysis, edu- 
cation, ete. Among features are 1 
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percent linearity, calibrated time base 
(from 10 usec./in. to 1 sec./in.), cali- 
brated zain controls, low rate of drift 
and excellent long term stability.— 
Eiectromec, Inc., 3200 N. San Fer- 
nando Blvd., Burbank, Calif. 


For more information circle 299 on inquiry card. 


Transistor A-f. Oscillator 


New “Type 1307-A Transistor Os- 
cillator,” self-contained (including 
batteries and output meter) is small 
enough to be held easily in one hand. 
Two frequencies, 400 and 1000 eps., 
are available with a maximum out- 
put of at least 2 volts across a 600- 





ohm load. Output voltage is adjusta- 
ble and is indicated.—General Radio 
Co., Cambridge 39, Mass. 


Fer more information circle 300 on inquiry card. 


Potentiometer and 
Millivolt Source 


New “Model P-55” features size and 
weight about one-third those of other 
makes: has dual input (with internal 

é *, 


5501 


switch); range 0-50 mv.; smallest 
reading 0.01 millivolt. Battery life 
guaranteed two years.—Allegany In- 
strument Co., 1000 Oldtown Rd., Cum- 
berland, Md. 


For more information circle 301 on inquiry card. 


ELECTRICAL-INSTRUMENT 
ACCESSORIES 


Sweep Generator 


New “Model #780” is said to be the 
first all-electric sweep generator of 
high accuracy and stability available 
at moderate cost, a desirable instru- 
ment for any electronics lab and pro- 
duction line as well as a must for TV 
service technician. Features: complete 
electronic circuits (no motors or mov- 
ing parts), unique unidirectional cou- 
pling-sweeps, multiple-shielded push- 
button attenuator-detector/comparator 
output.—Radio City Products Co., 
Easton, Pa. 

For more information circle 302 on inquiry card. 


Mismatch Units 


New “FXR Type X510” Standard 
Mismatch Units, for determining ab- 
solute accuracy of microwave VSWR 
equipment, have an absolute accuracy 
of better than 1 percent; termination 





How new Edison 
Relay with 
polarized operation 
helps simplify 
design problems 


Current flow deflects the rotor of Edi- 
son’s Sensitive Magnetic Relay in a 
direction determined by current polar- 
ity. Changing the operating current 
gradually causes the moving contact to 
follow the rate of change until it touches 
one of the stationary contacts. This 
basic operation adapts the Edison Relay 
for use as a null detector in a bridge 
circuit — and as a sensing element in a 
contactor servo circuit. 

For designers of electronic equipment, Edison's 
Sensitive Magnetic Relay — a product of the 


world-famous Edison Laboratory—offe’s other 
outstanding features: 


> Low power operation — Standard types close 
on input currents as low as 30 microamperes 
— available in special circumstances for even 
lower current. 


> Versatility —Interchangeable coils can be sup- 
plied with resistances from 0.5 to 23,000 ohms, 
Normal closing power may be increased 
10,000 times without adverse effects. 


> Contacts — Platinum-iridium wire, cither 
SPST or SPDT, with capacity of Ys ampere at 
28 volts D.C. non-inductive. 


> Stability Test relays have exceeded 
8,000,000 cycles without calibration change. 


>» Shock and vibration resistant — Relay will 
withstand shock of 50 g’s in all planes without 
damage. 


Write us for complete data on this new 
Edison development. 


Q Exdtivon. 


A GREAT NAME CONTINUES GREAT NEW ACHIEVEMENTS 


Thomas A. 


INCORPORATED 
INSTRUMENT DIVISION © 24 LAKESIDE AVENUE * WEST ORANGE, NEW JERSEY 


For more information cir 
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MERIAM 


MANOMETER 


In custody transfer of valuable liquids 
or gases, greatest possible accuracy is required by both buyer 
and seller. Field measuring equipment must be precisely cali- 
brated often. For this purpose Meriam Manometer Models 
B-2856 and B-2862 are extensively used. 

The new, lightweight (twenty pounds) Meriam Model B-2856 
Sectional U-Type Manometer in 100” range using water offers 
the extreme accuracy and sensitivity required for calibration. 
All-aluminum construction, this model can be “broken” to 
50” length for carrying convenience. Interpolated readings 
to .025”’ water available. 

The Meriam Model B-2862 Portable Field Manometer is the 
pioneer instrument for field calibration service. Designed with 
precision bore tubing, glass coated well, magnifier with anti- 
varallax device and a universal mounting bracket, this model 
in ranges up to 310” water using mercury, offers a new high 
in utility and accuracy. 

If you have a problem involving field calibration, drop us a 
line or call your Meriam Technical Representative. THe 
Meriam INstruMENT Company, 10958 Madison Avenue, 
Cleveland 2, Ohio. 





Model B-2862 and Case 


IAM * 


naliumenls 


ESTABLISHED 1911! 





MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT 


f 


OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES 
+ more informatior e 5S on inquiry card 
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NEW INSTRUMENTS 





movable over more than one-half 
guide wave-length to allow compensa- 
tion for small residual mismatch. 
Electronics & X-Ray Div., F-R Ma- 
chine Works, Inc., 26-12 Borough 
Place, Woodside 77, N. Y. 

formation circle 303 on inquiry card 


S-Sb. Generator 


New “Model 51 SB” single side- 
band generator is especially designed 
for operation with maker’s ‘Model 
5100 Transmitter.” Tuning and opera- 
tion are fast and uncomplicated. No 
test equipment is required. Among 


“extras”; voice-operated and push-to- 
talk controls, speaker deactivating 
circuit, TVI suppression, and unitized 
construction for quick and easy re- 
moval of any major section.—Parker 
& Williamson, Inc., 237 Fairfield Ave- 
nue, Upper Darby, Pa. 

_ re information circle 304 or 


Electronic Switch 


New “Type 330” converts any c-r. 
oscilloscope in range of d-c. to 15 Me. 
into a dual-trace unit; may be trig- 


gered from ‘scope-gate output at rates 
from 0 to 100 ke. or will switch at re- 
current rates of 1, 10, or 100 ke. 
Allen B. Du Mont Labs, Inc., 760 
Bloomfield Ave., Clifton, N. J. 

For re inf ation circle 305 on inquiry card 











Pulse Generator 


New “Model 4120A” is a low-cost 
highly versatile unit capable of repe- 
tition rates from 30 cps. to 300 ke. 
in 4-decade steps, variable pulse width 
from 0.2 usec. to 100 usec. in 2 ranges; 
variable pulse delay from 1 to 100 
usec, in 2 ranges; positive syne trig- 
ger pulse available for reference.— 
Electro-Pulse, Inc., 11811 Major St., 
Culver City, Calif. 


F ore information 


cle 306 on inquiry card. 


UHF-VHF Baluns 


New “Model V-6A” balun is de- 
signed to match an unbalanced 560-ohm 
source to a balanced 300-ohm load 
with negligible loss and good balance 
efficiency over 50-220-Mc. range. 
“V-6B” is similar but designed for 
a source impedance of 75 ohms. 
“Model U-2A” matches a 50-ohm un- 
balanced source to a balanced 300-ohm 
load over 450-900-Mc. range. ‘‘U-2” 
is similar but designed for a source 
impedance of 75 ohms.—Linear Equip- 
ment Labs., Inc., Brightwater PL., 
Massapequa, L. I., N. Y 


For more information circle 307 on inquiry card 


VHF-UHF Reflection Box 


New VHF-UHF Reflection Box 
simplifies measurement of tuner re- 
flection coefficient, in conjunction with 
a linear balun, enables simple visual 
observation of ability of a tuner to 
provide a proper match to a 300-ohm 
transmission line over VHF and UHF 
TV bands.—Linear Equipment Labs., 
Inc., Brightwater Pl. Massapequa, 
Bs. Bg Ms. ¥ 
For more information circle 308 on inquiry card 


Demodulator 

New “Type 808” phase-sensitive de- 
modulator produces a full-wave re- 
versible-polarity de. voltage output 
for a_ reversible- 
phase ac. voltage 
input; will also 
function as a 
modulator, pro- 
ducing an in- 
phase ac. output 
of carrier fre- 
quency that is 
proportional to de. voltage input. Suit- 
ed for feeding a de. controlled mag. 
amp. from an ac. signal source; also 
as lead or stabilizing network for ser- 
vo systems.—Polytechnic Research & 
Development Co., Inc., 202 Tillary St., 
Brooklyn 1, N. Y. 


For more information 
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Amplitude Modulator 


New wide-band amplitude modula- 
tor, having extremely low distortion, 
is suitable for use in applying com- 
plex-wave high-level plate modulation 
to Class C r-f. amplifiers. Standard 


















































MODEL S-12-B 


USES ONLY 7” 
OF STANDARD 
RELAY RACK 


ANOTHER EXAMPLE OF 1 azeamea PIONEERING... 


The S-12-B RAKSCOPE is a rack mounted, JANized (Gov’t Model No. 
OS-11) version of the famous WATERMAN S-11-A POCKETSCOPE, with 
the addition of a triggered sweep and a special calibrating circuit for rapid 
frequency comparisons. The entire oscilloscope is built to occupy but seven 
inches when mounted in a standard relay rack. The vertical and horizontal 
amplifiers are identical, having sensitivities of 0.05 Volt rms/inch and fre- 
quency responses which are flat within —2 db from DC to 200 KC. These 
features permit observation of low frequency phenomena without undesirable 
trace bounce. The sweep rate is continuously variable from 5 cycles to 50 KC 
in either the triggered or repetitive mode with synchronization polarity 
optional, The return trace is blanked. Because provisions are made for apply- 
ing input signals from ‘the rear, as well as the front, the S-12-B is the ideal 
combination, systems monitor and trouble-shooting oscilloscope. Investigate 
the multiple applications of this instrument as an integral] part of your “rack 
mounted”’ projects. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 
CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS INCLUDE 
$-4-C SAR PULSESCOPZ® 


$-5-A LAB PULSESCOPE 
$-6-A BROADBAND PULSESCOPE 
$-11-A INDUSTRIAL POCKETSCOPE® 
$-12-8 JANized RAKSCOPE® 
$-14-A HIGH GAIN POCKETSCOPE 
$-14-B WIDE BAND POCKETSCOPE 
S-15-A TWIN TUBE POCKETSCOPE 
RAYONIC® Cathode Ray Tubes 
ond Other Associated Equipment 
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Horizontal scale above chart provides 
continuous indication of control air 
pressure to valve. 


Quick-connect controller mounting . . . for added 
protection the controller is supported by a yoke 
when disconnected. 


ww 





All adjustments are readily accessible from the rear of 
the controller. 


ial tite A 


Unitized construction of all 
major components simplifies 
maintenance . . . makes re- 
assembly foolproof. 


For more information circle 57 on 









HE latest improvements in the Tel-O-Set 
family of miniature recorders and controllers 
make them the simplest and most convenient 
ever. Operating men, installers and service men 
alike will appreciate these outstanding features: 









Quick-connect mounting— either on back of recorder, 

Tod a "Ss back of panel, or at a remote location. A single 
y lever opens or closes all interconnecting air lines 

. . allows the controller to be removed without 

interfering with manual control of the process. 







Foolproof connect and disconnect. The rear of the re- 

corder is a flat gasketed surface that matches up 
Tel-O-Set * perfectly with the controller. It’s completely free 
of any protruding valve stems or plug-in fittings 
that might be damaged in shipping or handling 
in your plant. Self-contained air switch must be 
shut off before the controller can be removed. 


Fl n stru me nts Leakproof design—with large capacity valves. 


Wide range of reset rates. A single instrument pro- 
vides a simple choice of three different ranges . . . 
fast, intermediate and slow . . . enabling one basic 
model to serve in applications formerly requiring 
several models. 


wea 
are easiest Versatility. Rate action is readily added. When 


equipped with a manifold, the controller can be 
mounted remotely, either back of the panel or in 
the field. 


Low air consumption—less than 0.2 scfm. 


a 
to install Unitized construction—permits fast, easy removal 


and replacement of major sections. 
























Compare the features . . . and the operating char- 
acteristics . . . of the Tel-O-Set line of instruments. 
You'll find they represent the top in value in 

a a operate miniature instrumentation, that will give you the 
top in performance and serviceability on your 
process control panels. For a discussion of your 
specific requirements, call your nearby Honeywell 
sales engineer . . . he’s as near to you as your 
phone. 


ee 
ses service MINNEAPOLIS-HONEYWELL REGULATOR Co., 


Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for your copy of new Bulletin No. 7201, 
“Quick-Connect Te/-O-Ser instruments.” 














*Tel-Q-Set is a trade mark of the Minneapolis-Honeywell Regulator Co. 


H Honeywell 


GROWN tiMS TR UME NTS 
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HOW CHACE THERMOSTATIC BIMETAL 
— CONTROLS THE 


<°| — -lronrifle 


automatic ironer 











fronrite Automatic lroners are designed from 
a functional as well as an aesthetic viewpoint, 
their chief advantage being speedy, efficient 
ironing of all materials in almost any shape 
or form. Simplicity of operation and control 
are some of the lronrite Automatic lroner's 
foremost features. Of course, for safe, fool- 
proof regulation of temperatures for ironing different fabrics, the 
lronrite depends upon Chace Thermostatic Bimetal. 


The control switch shown in the illustration is simply, quickly set for 
temperature variations by moving the indicator to the correct tempera- 
ture shown for various materials. Whenever the ambient temperature 
attains the maximum, things begin to happen. A coil of Chace Thermo- 
static Bimetal (A) rotates, forcing plate (B) against post (C). This 
leverage bends the circuit connector (D), breaking the circuit at (E) 
until the ambient temperature is lowered. When the indicator is set 
for low temperatures, the coil is adjacent to the post and has less 
distance to move to break the circuit. At high temperature settings 
the coil is at its extreme distance from the post and requires a greater 
amount of heat to break the circuit. 


Chace Thermostatic Bimetal is available in 29 different types, 
in strip, rolls or in completely fabricated assemblies mace to 
your specifications. Before development of your new control- 
ling, indicating or protecting device, read our booklet “Successful 
Applications of Chace Thermostatic Bimetal."’ Write for your free 
copy of this valuable engineering data today. 


W. M. CHACE CO. 
Thermostatic Bimelal 


1609 BEARD AVE., DETROIT 9, MICH. 
rcle 58 
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NEW INSTRUMENTS 
models available for modulating up to 
400 watts power input to Class C. 
High power units on special order.— 
MelIntosh Electronics Co., 5232 River 
Rd., Washington 16, D. C. 

For more information circle 310 on inquiry card. 





Marker Generator 


New crystal-controlled ‘““Microsecond 
Marker Generator” provides a stand- 
ard for calibrating sweep speed and 
sweep linearity of oscilloscope time 


bases; is especially useful to modern- 
ize older ’scopes. Feature is complete 
absence of adjustments, whence sim- 
plicity of operation said to be “found 
in no other marker generator.”— 


M.A.D. Associates, Box 177, Endicott, 
Se $ 


N 


For ation e 391 on inquiry card. 


AMPLIFIERS 
D-c. Amplifiers 


New “Model 306 Series,” for use 
with galvanometer oscillographs, etc., 
invert d.c. and amplify resultant a.c. 


Power unit available for 24 v.de. or 
110 v.ac., 50 cps.—Allegany Instru- 
ment Co., 1000 Oldtown Rd., Cumber- 
land, Md. 

For more informatior @ 312 on inquiry card. 


Color-TV-line Amplifier 


New “Model LA-2,” for transmis- 
sion and distribution of color TV 
video signals in lab and on production 
line, will deliver several times output 
of B&W line amplifiers at less than 5 
percent compression, permitting simu- 
lation of color receiver detector out- 
put; has polarity-reversing switch, 
regulated power supply and input- 
output’ termination connectors.—Lin- 
ear Equipment Labs., Inc., Bright- 
water Pl., Massapequa, L. 1., N.Y. 

re information circle 313 juiry card 
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Ten-watt Amplifier 


New “Model 910” ten-watt ampli- 
fier for hi-fi reproduction is of Wil- 
liamson type; frequency response 20 
to 30,000 cps. at +1 db; total harmonic 
distortion less than 0.5 percent at full 
rated output; hum and noise level 80 
db below rated output.—Freed-Eise- 
mann, 200 Hudson Street, New York 
13, N. Y 
For more ntormat 


e 314 on inquiry card 


Magnetic Amplifier 


New “SMA 4-103” operates on 115 
volts, 400 cps.; input impedance 10,- 
000 ohms; input signal a.c., d.c. or 
pulse; phase-reversible output; ap- 


4 

prox. 50,000 power gain (@ 0.5v 
signal); response time approx. 1/200 
sec.; standby power 12 watts; con- 
tinuous duty cycle. Designed for use 
in servo systems employing 2-phase 
400-cps. low-inertia induction motors. 
-Ketay Mfg. Corp., 555 Broadway, 
New York 12, N. Y. 

For more rcle 318 on inquiry card 


ELECTRICAL AND ELEC- 
TRONIC COMPONENTS 


Silicon Transistors 


nformation 


New expanded line of silicon tran- 
sistors comprises five types, one new 
model with an alpha (current ampli- 


fication factor) of 0.975 or better, and 
one with an alpha cutoff frequency of 
8 Mc. or better.—Texas Instruments 
Inc., 6000 Lemmon Ave., Dallas 9, 
Texas. 


For more informat e 316 


Low-torque VDRs 


New types of “Microfriction Potenti- 
ometers” (made by Ohmag in Switzer- 
land) include single- and multi-section 


3403 
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HERE ITis... 


The World’s Finest Dynamic Strain Analysis Equipment... 


All the features you have ever dreamed of conveniently 
packed in one small unit... 





© 8 8O000 © 





4203 


6, 8 or 12 channels complete in one unit 
mobile or laboratory applications. 


4 - 


ar . 
for airborne, 


Carrier-type amplifiers (response 0-1500 cps) . . . or 
Wide-band amplifiers (response 2-6000 cps). 


AND THINK. of all these features: 


Interchangeable amplifiers, carrier or wide-band covering 
range of 0-6000 cps 


Unbelievable insensitivity to shock or vibration 

The most convenient arrangement of controls you ever saw 
Highly accurate and stabilized 

Internal carrier power supply 


Automatic calibration, with different value of strain in each 
channel if desired, just by pressing a button! 


Output current swing of 200 millimeters, no more galvanometer 
troubles 


Indicator for balance and strain on each channel 


The World’s Leader in Both Engineering and Craftsraanship 


Ask for Bulletin No. 3FIL 


See for yourself —call, write or wire 


INSTRUMENT COMPANY 


1315 SO. CLARKSON STREET « DENVER 10, COLORADO 


rcle $9 on inqu 
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. s NEW INSTRUMENTS 
S u b zs Mi i n i | t u r e units for exacting applications such 


as remote measurement and control, 

of computers, servomechanisms, fac- 

- simile, research, etc.—American Brit- 

, ms ish Electric Corp., 57 Park Ave., New 
. x York 16, N.Y. 

A great aid ; For more informatior rcle 317 on inquiry card. 


eae sre y | 
to miniaturization Stepless VDR 


New “Model 85175 Spiralpot” 4-oz. 
infinite-resolution slide-wire voltage- 
; | dividing resistor, 1% in. diam., is 
All units applicable to | available in 3-turn or 10-turn models, 
Mil Specifications with resistance ranges of 6 to 2500 
ohms, and linearities of 0.1 percent 
and 0.05 percent; rating 5 watts for 
a 10-turn unit; torque 2 oz-in. or less. 
—G. M. Giannini & Co., Inc., 918 E. 

Green St., Passions 1, Calif. 

For more information circle 318 on 








.* ~~ y " « > ’ 6 
LIGHT Insulated Resistor 
ASSEMBLIES New “Welwyn” insulated deposited 
carbon resistors feature stability, tol- 
A) No. TT-51; No. TT-5S1A with No. 327 
lamp. For edge lighting. Red or , 
other color filters, black top l 
B) No, 8-3730-111; for Mil-7788 panels. LIGHT SHIELD SUB-MINIATURE 
C) No. 4-1930; light shield ASSEMBLY INDICATOR LIGHTS 
D) No. 6-1930-111; non-dimming (All illustrations are approx. actual size.) 
£) No. 11-1930-111; mechanical dimmer. o 
We, SAEED; polaroid Gemer Foremost Manufacturer of Pilot Lights 
All assemblies accommodate midget 


Sse | DIALIGHT 
wees ikise — q erance, noise, and other performance 


Any assembly available complete with lamp. CORPORATION no -- Welwyn’ dep nit ogee . 7. 
ar¢ elwy ageposited carbo . 

SAMPLES ON REQUEST — NO CHARGE 60 STEWART AVE. » BROOKLYN 37, N. Y. | New insulating material permits en- 
Write for Catalogue L-153 HYACINTH 7-7600 capsulated resistor to withstand 8000- 
v. applied potential without flashover 

For more intormat cle w SAGUHY or breakdown. Available in %, %, 1 
- — 2 watt ratings.—Rockbar Corp., 
5 East 37th St., New York 16, N. Y 


KIRKLAND The | For more information circle 319 on inquiry card. 
implifi : : . 
A L A R MM U fi | T % Simplified | Carbon-film Resistors 
MODERN SUPERVISION PYRO New improve od “Stemag Chemo-Car- 
— ; | bon Resistors” are said to offer many 
s Optical advantages including small tempera- 
| ture coefficients, stability when ex- 
Pyrometer | posed to humidity, stable resistance 
| values, low noise level, and uniformity 
on large production runs. “Capless 
PYRO Op- Type A” is said to be “the most eco- 
tical Pyrom- | nomical resistor of its type available.” 
eter is the | “Precision Cap Type D” meets MIL- 
mene only self- | R-10509A, features 1.0 to 0.5 percent 
FLUSH TYPE HOUSING FOR MOUNTING a contained, | tolerances.—Arnhold Ceramics Inc 
aS eee oe A OR. eee 7 | —— direct read- 1 E. 57th St., New York 22, N. ¥ 
plate 5" x 2% ing, light-weight and de- | op Sea de 
COMPLETE SELF-CONTAINED |. om pendable unit for quick aie tatiana staal sck tains ace 
ALARM UNIT WITH LAMPS, RELAYS | f } and accurate high tem- . ‘ “ - 
AND SWITCH, FACTORY WIRED | | 4 perature measurements. | Variable Capacitors 


AND READY FOR USE. | . 4 Unique construction per- z , 
mits determinations even New “APC” and “MAPC” variable 


; on MINUTE SPOTS, FAST ‘apacitors with extended shafts are 
Aa. P VISUAL AND that ty Bayt phage capacitors with extended shafts are 
AUDIBLE ALARMS | the SMALLEST STREAMS. | i 


% 
MANY INTERESTING Special Foundry Type 
seavices AVAILA- and Universal Triple 
LE, for example our Range have an additional 
g£200. When the con- Red Scale for direct read- 


taets become abnormal, 
pane " & meen lamps PYROMETER ings of the true spout and 
light and audible sig- pouring temperatures of 


nal sounds, switch op- | P 
tion removes atdibi molten iron, steel, monel, 
signal and only red lame INSTRUMENT etc. when measured in 
remains lighte en COMPANY the open. Stock ranges 
contacts restore to nor- 
from 1400°F to 7500°F or 
mal, the audible signal 4 ‘ 
sounds automatically and New Plont & in equivalent Centigrade 
A only green lamp is light- Laboratory calibrations. Ask for free 


ed. Switch operation si- 
fences acknowledgment | | Catalog No. 85 for com- 
audible signal ord all | | Bergenfield 34, plete details. 


4 lamps are darkened. ALL | New Jerse ‘ : ‘ 
Write for STANDARD ANNUNCI- y now available with %-in. shaft ex- 


New Catalog AVAICASLE. tne tue Oot aon, yan 3 seoratere = tension for knob control.—Hammar- 
. + | available on u ‘ . , a tees 

THE H. R. KIRKLAND CO. ation immersion and | face, Indicating, Radia- ag Mfg. Co., 460 W. 34, N. Y. 1, 

MORRISTOWN, N. J. Surface Pyrometers | tion and Immersion Py- Ne Te 

| for over 25 years. | rometers. For rmat 321 on inquiry card, 
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ELECTROMECHANICAL 
COMPONENTS 


PM D-c. Motors 


New high-performance d-c. motors 
and tachometer-generators, perma- 
nent-magnet type, weigh under 20 oz.; 


“ 


3456 


1/30 to 1/100 hp. on voltages from 6 
to 27.5 and from 3000 to 9000 rpm.; 
tachometer-generator outputs from 
0.46 to 2.4 vde. per 100 rpm. up to 
9000 rpm.—Instrument Motors. P.O. 
Box 5, Acosta St., Stamford, Conn. 

For more information circle 322 on inquiry card. 





Cam-type Relay 


New “Series OCS” cam-type rotary 
relay can replace banks of relays, or 
combinations of relays and stepping 
switches; is said to be exceptionally 








3407 


resistant to shock, vibration, and tem- 

perature changes. Test records show 

over 250,000,000 high-speed opera- 

tions.—Automatic Electric Sales | 
Corp., 1033 W. Van Buren Street, | 
Chicago 7, Til. 

Far more information civcle S28 on inauity card 


Subminiature Relay 
New ‘‘BR-1’’ 


relay was devel- 
oped to improve 
reliability of a 
radio guidance 
equipment. Al- 
though it is a 
sensitive relay, it 
can handle a \%- 
kw. heat lamp on 
110 v.a.c. and pulse at 10 eps. with 
this load connected. It handles 8 amps. 
for 1000 operations; maker has “never 
managed to find the total life at the | 
rated contact current of 2 amps.” 
Samples for immediate shipment are 
said to be ideal for operation in plate 
circuit of small triodes or pentodes. 
~Babcock Radio Engineering, Inc., 
7942 Woodley Ave., Van Nuys, Calif. | 


For more information circle 324 on inquiry card. | 





Synchros 


New series of Size 11 synchros fea- 
ture high accuracies available pre- 
viously only in larger units. Max. | 
diam. 1.062 in.; max. over-all length 
1.702 in.; weight 3.1 0z.; supplied 
with leads, or can be specially ordered | 
with radial or axial terminals. Avail- | 


IF YOU WORK WITH PULSES... 
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Low frequency egies 
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Z ~ generator, 
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...fead how Burroughs Pulse Units can 
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save you weeks of engineering time 


This new, free brochure shows by actual 


examples how you can assemble even complex EASY AS THIS TO ASSEMBLE A PULSE 
pulse systems simply by connecting together SYSTEM WITH BURROUGHS PULSE UNITS 
matched Burroughs Pulse Units that perform <- 
basic functions. tt / “ka 

| EY. 
You save weeks of breadboard engineering — 


and can begin immediately on your primary 
1. Prep 


engineering project. All your time can be spent pulse sequence 


designing commercial products—none lost 
designing test equipment. Because Burroughs 
Pulse Units are so easy to use, you can do 
many jobs you might otherwise never get time 


to do at all. 2. Draw a block diagram and deter 
mine which units you need. 


Prove to your management just how much 
engineering cost Burroughs Units can save for 
you. Without charge, we'll engineer a system 
to meet one of your current problems and 
let you compare the cost. Write for your free 


copy of the new brochure. Burroughs Corp., 3. Connect the units together with 


Electronic Instruments Div., Dept. 5M, stan 





1209 Vine St., Phila. 7, Pa. (a 







ELECTRONIC INSTRUMEN 


FIRST IN PULSE HANDLING EQUIP 
For more information circle 63 on inquiry 
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Turn Over Your Square Wave 


Recording 
Problems to 


Square wave pulses are 
recorded square—without over- 





r 
| THE EDIN COMPANY 
| 207 Main St., Worcester 8, Mass., Dept. $ 


1 Gentlemen: 


Have your representative call with 
complete information on recording instru- 
ments 


No Street 
City 


Position 


i 
| 
| 
| 
1 Nome 
! 
1 
1 
i 


COMPANY, 


207 Main Street ° 


The Instrument 
Air Dryer 


with all 
the 


features 


te Exclusive Finned System Desiccant Chambers 

% Automatic, Semi-Automatic, o: Manvel Contre! 

te Compact Functional Design (ASME Code) 

we Safety interlock Control System 

te Atmospheric and Pressure Regeneration Circuits 
We Moisture Indicator ond instruments Panel Mounted 
wt Superior Desiccont 

we Exit Dewpoint below minus 40°F at line pressure 
& Steom and Electric Reactivation 


Submit your Dryer problems to our 
experienced instrument engineers 


Hustro 


eke Bek & Wimmer, | 


494 Westfield Avenve, test + Reselle Perk, New dersey 


For more information circle 65 on inquiry card. 
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shoots caused by resonance— 
on Edin scientific recording 
equipment. 


For assistance in the selection 
of equipment for any graphic 
recording task, there is an Edin 
representative nearby, anxious 
to serve you. Tell us you would 
like to see him. 


INC. 


Worcester, Mass. 
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NOW eee IT'S NEW The only 
rectangular illuminated inspection 
lamp that frees both hands .. . en- 
ables use of both eyes... 


SPEEDS UP INSPECTION! 


1789 py 
' Ae Te RS 
For use in geer inspection . . . fine parts 
inspection, printing, engravings, fine as- 
sembly work, fine paintings, fine machine 
work, lathe work. 
Check These Exclusive Features 
* Lerge clear field—6'/2"" x 2'/2"' Plane 
convex 
Attachments without base for use in 
lathe work available. 
Tilts te any angle 
© Slides forward 
© Relieves eye strain in close production 
inspection 
Lens focal length of —é inches 
Heavy apres cast parts 
Precisi lished lens 
2 remnant yoo lamps 


Fer complete information and illustrated 
bulletin, write; 


ESCO PRODUCTS 


1428 WILLOW AVENUE, HOBOKEN, N. J. 











For more information circle 66 on 
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NEW INSTRUMENTS 





able in these types: signal generators, 
receivers, control transformers, con- 
trol differentials, resolvers, and sine- 
cosine generators.—Clifton Precision 
Products Co., Inc., Marple at Broad- 
w ay, Ciften "He ights, Penna. 

Fe re ation circle 325 on inquiry card. 


Terminal-connector Strip 


New “No. 3372” female mating 
strip, for permanent base mounting 
and to be used with male connectors 
“Nos. 3367 and 3369,” has fifteen 
pressure type sockets of beryllium 
copper; nominal creep of 3/32-in.; 
solder tabs for No. 20 wire; gold 
plating over silver.—H. H. Buggie, 
Inc., 726 Stanton St., Toledo 4, Ohio. 
For more information circle 326 on inquiry card 


MECHANICAL 
COMPONENTS 


Ten-turn Counting Dial 


New ‘Model 
1301 Microdial” 
is a direct-read- 
ing dial for any 
manual or servo- 
motor - operated 
multiturn rotat- 
ing device of 3600 
degrees or less. 
Shaft or wiper 
position is indicated to 3 places (turns, 
tenths and hundredths) in highly-leg- 
ible numbers behind a glass-covered 
window, facilitating wide-angle obser- 
vation and minimizing error in forced 
fast reading. New dial may be oper- 
ated at speeds up to 100 rpm.; its ac- 
curacy is 1 part in 1000. It also can 
be used as a percentage counter as it 
indicates increments of 0.1 percent. 
—Borg Equipment Div. The George 
W. Borg Corp., Janesville, Wis. 
For more information circle 327 


Miniature Clutch 


New “Magtrol Micro-Clutch,” de- 
signed to meet limited space require- 
ments in aircraft and guided missile 
instrumentation, etc., is available as 


a clutch and a clutch brake; over-all 
length 2% in. including both shaft 
extensions; capable of transmitting 
8 oz.-in. torque with 65-ma. control 
current.—Joe Davidson and Associ- 
ates, P. O. Box 108, South Gate, Calif. 
f . formation circle 328 on inquiry card 


Clutch Knobs 


New “Controlled Torque” knobs for 
multi-turn devices safeguard instru- 
ments against careless cranking be- 
yond normal stops; work on principle 

















we 


of slip clutch; have spinners for rapid 
setting. Also available without slip 
clutch.—Jan Hardware Mfg. Co., Inc., 
75 N. 11th St., Brooklyn 11, N. Y. 

For more information circle 32% on inquiry card 


Hose Couplings With 
Built-in Check Valves 


New complete line of maker’s quick- 
seal, leak-proof hose couplings fea- 





tures built-in single or double check 
valves.—Titeflex, Inc., 500 Frelinghuy- 
sen Ave., Newark 5, N. J. 

For more information circle 330 on inquiry card 


Heavy-duty Couplings 


New heavy-duty models of maker’s 
quick-seal leak-proof coupling are 
available for high-pressure, heavy- 





RING COLLAR RETAINER 
SEAL BALLS 


— >. LZ ee 
TITUS | con oS using 
+ | | 








| 


| - -- oe | 
3492 NIPPLE 
flow applications in steel, oil, chemical, 
construction, and other industries.— 
Titeflex, Inc., 500 Frelinghuysen Ave., 
Newark 5, N. J. 
For more information rcle 331 n inquiry ard 








MISCELLANEOUS 


Liquid or Gas Chillers 


New liquid or gas chillers reduce 
temperatures to as low as —130 F.; 
include portable models in a range of 





BARBER NEW Wheelco 




















wit) Model 407 Capacitrol 











More 
sensitive 
and flexible 


temperature 















controller 


























Model 407 
Capacitrol 




























Model 610 
Core Reactor Pilot 
Magenetr 
Amplifier 















Controlled Electrical 
Heating Elements 












You'll like the extra sensitivity and flexibility 





of this great new Wheelco Controller. Fully “plug-in,” it 





gives you a wide choice of control forms quickly and easily 





arranged by interchanging packaged control chassis. Model 





407 chassis, for example, provides a true proportioning system 





that smoothly and steplessly proportions electrical power input 





in accordance with system demands. Variations in output of 





the Capacitrol proportion output to a saturable core reactor so 





power supplied is always proportional to demands of the 






sensing unit. Easily applied to a variety of continuous process 








jobs. Assures maximum dependability and accuracy, plus 







striking new design features never before combined in one 








instrument. For information on other control forms available, 





write for Bulletin F-6314. 


WHEELCO INSTRUMENTS DIVISION 


BARBER-COLMAN COMPANY, DEPT. L, 1515 ROCK ST., ROCKFORD, ILLINOIS 

BARBER-COLMAN OF CANADA, LTD. ° TORONTO, ONTARIO, CANADA 

Industrial Instruments » Automatic Controls « Air Distribution Products « Aircraft Controls » Small Motors 

Overdoors and Operators « Molded Products * Metal Cutting Tools * Machine Tools + Textile Machinery 
For nformation e 67 on inquiry card 
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the~smallest 
gyro in the field... 


TASTY, smaller 
61.2% lighter 


7 22 Ge &™| pe 


- © 


. ee oe 


FREE GYRO 


Smaller...lighter...yet this new 
Pacific Free Gyro conforms to all 
military environmental specifica- 
tions and will outperform similar 
gyros of much larger size and 
weight. 

Particular attention has been 
given to the design of a unique, 
simplified caging system. Only one 
moving part on the gimbal sus- 
pension permits instant, positive 
caging without damage to the 
Gyro...and instantaneous uncag- 
ing with 28 volts DC. Tested and 
proven, this simple and reliable 
caging system insures trouble-free 
operation, 

Extremely rugged, the new Pacific 
Free Gyro operates on 115 volts, 
400 cycles, single or three phase. 
Precision potentiometer on outer 
gimbal with resistance from 500 
to 20,000 ohms. Write for 
complete detailed 
specifications. PACIFIC SCIENTIFIC 
PIONEERING IN THE 
FIELD OF AIRCRAFT 
INSTRUMENTATION 
SINCE 1919 


SCIENTIFIC CO. 


LOS ANGELES, CALIF., 1430 Grande Vista Ave. 
SAN FRANCISCO, CALIF., 25 Stillman Street 
SEATTLE, WASHINGTON, 421 Michigan Street 
ARLINGTON, TEXAS, 111 East Main Street 
Eastern Representative: Aero Engineering Inc. 
For more information circle 68 on inquiry card. 
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NEW INSTRUMENTS 





| 0.5 to 7.5 hp.; also remote chillers in 
| capacities to 200,000 Btu. per hour 


and up to 100 hp. depending on tem- 
peratures needed.—Conrad Inc., 183 


| Jefferson Ave., Holland, Mich. 


For nformation cir 


fe 332 on inquiry card 


Air Dehydrators 
and Filters 


Two new models 
(“M-30” and “M-100’’) 
of “Condensifilter” for 
dehydrating and filter- 
ing compressed air are 
rated at 30 and 100 scfm. 
respectively, at line pres- 
sure of 100 psig. Both 
models feature a_ con- 
denser to reduce com- 
pressed air dewpoints, 
plus a disposable filter 
cartridge for removing 
solid particles. All seal- 
ing is with “O” rings, 
obviating need for tools 
to dismantle units for 
service. — Hankison 
Corp., 951 Banksville 
Rd., 194 Biltmore Bldg., 
Pittsburgh 16, Penna. 





ircle 333 on inquiry card. 


Static-control Systems 

New “TAKK High Speed Static 
Control Systems” incorporate a new 
resistance material which makes pos- 
sible more effective control of charges 
on high-speed industrial processing 
operations, and gives a higher margin 
of safety on use in hazardous areas. 
Full control of charges is also main- 
tained over a longer period.—The 
Hewson Co., Inc., 448 Broad St., 
Newark 2, N. J. 


For more information circle 334 


Transit-Level 


New “Model 65” (made by Brunson 
Instrument Co.) is said to incorporate 
many advantages of construction and 


accuracy hitherto limited to engineers’ 
transits costing nearly three times as 
much: dustproof ball-bearing center 
and telescope axis sealed in with “life- 
time” silicone grease; size variations 
of balls do not exceed half a wave- 
length of light; 20-power telescope 
sealed against dust and 
resistant to moisture-condensation; 
coated optics; internal focus precisely 
collimated from 3 ft. to infinity. Dis- 
tributed exclusively through Charles 
Bruning Co., 4700 Montrose Ave., 


For more snation 


rcle 338 on inquiry card 


27 


Automatic Static-hazard 
Safeguard 


New “Model G-5 Safe-T-Ohm Auto- 
matic Ground Control” safeguards 
processing and handling of flammable 
materials from accumulation of elec- 
tric charges. Only light beams connect 
power circuits to loading equipment: 
no possibility of a leak from power 
circuits charging equipment involved 
in loading. When resistance to ground 
exceeds 5 ohms, instrument prevents 
loading or processing of hazardous 
materials from being commenced or 
continued.—The Hewson Company, 
Inc., 443 Broad St., Newark 2, N. J. 

af, e 336 on inquiry card. 


For re information 


All-purpose Filters 

New “Placo Self-Priming and Self- 
Relieving Filter Units” constructed 
of type 316 stainless steel, are said 
to be ideal for filtering all acid and 
alkaline solutions. They filter in depth, 
through cartridges of cotton, Dynel 
and carbon, making possible micro- 
scopic clarification, including remov- 
al of colloidal solids. No priming nec- 
essary: switch starts crystal-clear fil- 
tration at full pressure. When filter 
is loaded with impurities, trickle flow- 
rate warns that cartridge needs clean- 
ing or replacement. Capacities from 
60 to 1600 gpm. Also in steel or 
rubber-lined models, with Worthite 
pumps.—Metal Finishing Mfg. Corp., 
89 N. 11th Street, Brooklyn 11, N. Y. 
re information circle 337 on ir 


For juiry card. 


Vibration Mount With 
Electrical Connectors 
New “Model K173 Mounting Sys- 
tem” includes electrical connectors as 
part of mounting base; minimizes 


rocking or tipping modes; permits in- 
stallation in areas where sway space 
is a restricting factor.—Robinson 
Aviation, Inc., Teterboro, N. J. 

rmation rcle 338 on inquiry card. 


For more info 


Frequency-limit Trip 

New ‘‘Model 

440HF’’ trip 

opens (or closes) 

a relay when sig- 

nal frequency 

reaches 440 plus 

or minus 2 eps. 

Critical frequen- 

cy can be prede- 

termined to with- 

in 0.5 percent for 

any value of fre- 

quency between 

50 and 5000 cps. Two trips can be 

combined in one 3 x 4 x 5-in. package 

to afford protection at high and low 

frequency limits.—Arga Div., Beck- 

man Instruments, Inc., South Pasa- 
dena, Calif. 


For more information circle 339 on inquiry card. 





Adjustable Scoop 


New adjustable scoop dispenses 
powders or granular material into con- 


tainers. Available in complete range | B f; -P, iff 
of sizes to dispense from 0.2 cc. to | STATIONS 
100 ce. per fill. Each size has adjust- | 


ment range of approx. 1 to 10.—Na- 
tional Instrument Co., 5005 Queens- 
bury Ave., Baltimore 15, Md. 

For more information circle 340 or ry card. 


Magnetic Tape 


New “Scotch” brand “Extra-Play 
No. 190” magnetic tape increases re- 
cording time of any tape recorder by 
50 percent without decreasing tape 
speed or employing a larger reel; 
features new high-potency oxide cnat- 
ing only half as thick as standard 
coatings but with equivalent magnetic 
properties. Magnetic properties are 
virtually identical to those of “No. 
111” but “No. 190” boosts response 
at high frequencies. Tape lengths 
are 900, 1800, 3600 and 7200 ft.— 
Minnesota Mining and Manufactur- 
ing Co., 900 Fauquier St., St. Paul 6, 
Minn. 

For more information rcle 341 


Tape Modulator 


New “Model 505” for use with mag- 
netic tape in frequency range of d.c. 


to 5 ke. amplitude-modulated by 50 


NEW IMPROVED 


DISCRIMINATORS 
FOR 

GREATER ACCURACY 

3502 - INCREASED STABILITY 


ke.; signal in turn modulates tape; 


greatly reduced cost over FM systems. BETTER LINEARITY 


Input sensitivity 1 mv.—Allegany 


sant oa ivadpee A 1000 Oldtown Rd., ADJUSTABLE FREQUENCY 
ee as a ek one ar RESPONSE 


Immersion Heater HIGHER OUTPUT 

New immersion heater combines 
thermostatic control and safe “Corox” 
element. Integral thermostat control 
unit obviates need for a separately 


mounted and wired temperature regu- 

lating device. Heater converts water i” 
tank up to 110-gal. capacity to auto- | : hh) 
matic electric heating, constant water Pp sh Di. a 

temperatures in range from 120 to (S4idiag 4Wision 
180 F. Also laboratory and dairy | ae : 
equipment. Power ratings from 750 “Bendix Aviation Corporation 
to 2500 watts, 118-v. or 236-v.—West- MORTN HOLLYWOOD, CALIF 
inghouse Electric Corporation, P. O. 

Box 2099, Pittsburgh 30, Pa. 

For more information circle 343 on inquiry card. 
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the second international 


exposition 


chicago, nov. 14-17 


For what promises to be the most important event in 


AUTOMATIC CONTROL 
AUTOMATION 
INSTRUMENTATION 


ever held, the Second International Automation Exposition has reserved the facilities 
of Chicago’s famed Navy Pier. 


All technical sessions and clinics—including the important electronic computer 
clinic—will be held in the Pier’s meeting rooms. Restaurant and lounging facilities, 
so necessary for a successful show, will be arranged in the exhibit halls. 


With its ideal geographical location, Chicago will attract thousands of engineers 
and scientists from all over the world. For the exhibitor, the 1955 Automation Expo- 
sition will open new channels to mark a new chapter in the successful application 
of Automation. 


Companies manufacturing and selling the following products are invited to take 
part in the 1955 Automation Exposition: 


television, closed circuit, Infrared absorption analyzers, In- 
strumentation and automation panels and cubicles, Instru- 
ments for measurement and control, Level controllers, Limit 
switches, Mass spectrometers, Metering equip t, Monit 
ing systems, Monorails, Motor controls, Optical gages and 
inspection devices, Packaged servo controls, Photoelectric 
control devices, Pneumatic tubes, Positioning equip t, 
Power supplies, Printed code readers, Radioactivity equip- 
ment, Recording equipment, Remote control systems, Scales, 


Scanning systems, Servo-components, Servomechanisms, Sig- 


Analog-to-digital converters, Analytical control equipment, 
Automatic control valves, Automatic control systems, Auto- 
matic feeding devices, Automatic gaging equipment, Auto- 
matic handling equip t, Aut tic inspection devices, 
Automatic loaders, Automatic machine controls, Automatic 
tape controls, Beta ray thickness gages, Brakes, clutches and 
drive mechanisms, Central control systems, Color process 
controls, Communication systems including closed circuit tele- 
vision, telephone and paging systems, Compressors for auto- 
mation air, Computers, analog or digital, Computer compo- 
nents, Continuous gas analyzers, Continuous testers, Con- 











veyors, Counters, Data processing and data reduction sys- 


tems, Data transmission and compviations systems, Decade 
. k 


nalling equipment, Speed controls, Strain measuring devices 
for avtomztic control, Switches, relays and other electrical 
ts, Teleprinters and facsimile recorders, Two-way 





counters, Door operators, automatic, Dust and pheru 
controls, Electric motors, Electronic computers, Electronic con- 


radio, Ultraviolet absorption analyzers, Vibration control 
quip t, Weighing and proportioning equipment, Work 





trol devices, Electronic, electrical and mechanical p s 
for automatic production systems, Gages air, Governors, Hy- 
draulic cylinders and motors, Indexing machines, Industrial 


For more information write to: The Second International Automation Exposition, 


positioning mechanisms, X-ray and fluoroscopic devices and 
X-ray gages. 


845 Ridge Avenue, Pittsburgh 12, Pennsylvania 


Page 1942—IJnstruments & Automation—Vol. 27 





Events... 


January 10 


Instruments 
nd AUTOMATION 








Boston Chapter, I.S.A. Meeting on Temperature Measure- 
ment and Control Equipment Exhibit, Hotel Continental, 
Cambridge, Mass. For information write Owen C. Jones, 
P.O. Box 151, Wellesley Hills 82, Mass. 


January 17-19 


Fourth Meeting of Conference on High-Frequency Measure- 
ments sponsored by IRE, AIEE, URSI, and NBS, Hotel 
Statler, Washington, D. C. For information contact F. J. 
Gaffney, Fairchild Guided Missiles Div., Fairchild Engine & 
Airplane Corp., Wyandanch, L. I., N. Y. 


January 26-28 


Symposium on Instrumentation for Process Industries, 
School of Engineering, Chemical Engineering Dept., Texas 
A&M College, College Station, Texas. For information write 
c/o Engineering School, Texas A&M. 


January 27-28 
Fourth Annual Instrument Short Course at Los Angeles 


Harbor Junior College, Wilmington, Calif. For information 
write J. R. Wilson, SCMA, 640 Fillmore St., Fillmore, Calif. 


January 31—February 2 


Sixth Annual Southeastern Instrumentation Symposium will 
be held on the Campus of the University of Florida. For 
information write W. C. Hackler, Engineering and Indus- 
trial Experiment Station, University of Florida, Gainesville, 
Florida. 


February 7-8 

Second Annual Symposium on Instrumental Analysis, spon- 
sored by the Chicago Section, I.S.A. will be held at the 
Auditorium of the Western Society of Engineers, 84 E. Ran- 
dolph St., Chicago, Ill. For information write Floyd Erts- 
man, Rm. 1420, 343 S. Dearborn St., Chicago, Il. 


February 28-March 4, 1955 


Sixth Pittsburgh Conference on Analytical Chemistry and 
Applied Spectroscopy, William Penn Hotel, Pittsburgh. For 
information write J. F. Miller, Mellon Institute, 4400 Fifth 
Ave., Pittsburgh 13, Penna. 


May 14-22 

Chemical Engineering and Equipment Exhibition at Frank- 
fort, Germany. For information write Dechema, Rheingan- 
Allee 25, Frankfort/M, Germany. 

June 28—July 9 


Third British Instrument Industries’ Exposition at Earl’s 


Court, London. For information write F. W. Bridges & Sons, | 


Ltd., Grand Bldg., Trafalgar Square, London W. C. 2, Eng- 
land. 


June 13-17 


Annual Symposium on Molecular Structure and Spectros- 
copy, Ohio State University. For information write Prof. 
Harold H. Neilsen, Dept. of Physics, Ohio State University, 
Columbus 10, Ohio. 


November 14-17 


Second International Automation Exposition will be held 
at Chicago’s Navy Pier. For information write The Second 


International Automation Exposition, 845 Ridge Ave., Pitts- 


burgh 12, Penna. 





THE ONLY 
COMPLETE HANDBOOK 
ON PRESSURE & VACUUM SWITCHES 


As an aid in planning the vital link between your electric and 
hydraulic circuits, this manual contains a glossary of terms and 
a schematic demonstration of operating characteristics. Functions 
and methods are described in detail and liberally clarified with 
diagrams and illustrations, including symbols for circuit detail- 
ing and specification purposes. To provide the means for proper 
selection of a pressure switch for your specific application, a 
simple step by step selection chart has been developed helping 
you to organize your requirements in their relative order. Finally 
a complete run-down, illustration and tabulation of all the detail 
features leading to the unit that answers your specific control 
problem. You couldn't buy a comparable hand ; 


FOR EXTREME ACCURACY, 
Diaphragm and Bourdon Tube Switches 
Vacuum to 12,000 P.S.I. 


FOR EXTREMELY LONG LIFE, 
Piston Switches, Low Settings — High 
Proof Pressures to 15,000 P.S.1. 


FOR HAZARDOUS LOCATIONS 
Explosion-Proof Models 


ALL SWITCHES operate in any position, 


are not sensitive to vibration. 


| BARKSDALE VALVES 


PRESSURE SWITCH DIVISION 


5125 Alcoa Avenue, Los Angeles 58, California 
a Sah OL SN ME OR MEE I RY EET OE ie MH am tee SO oe nko URE 


Please send a copy of the above described Free handbook 4M. t 


NAME oe) 





COMPANY 





ADDRESS 





CITY ZONE STATE 
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Digital Techniques and 


BINARY NUMBERS 


Electronic computers, multiplexing devices, diode matrices, and log- 
ical networks are based on binary numbers. Here is a clear, simple, 


and fundamental analysis of the meaning of numbers, the binary 
system, and “logical electronics.”” After you read this, test your- 


MARTIN L. KLEIN 


North American Aviation, Inc. 


self by answering the appropriate questions in “Test Your IQ.” 


mated; a new brand of electronics is coming into 
common use based on arithmetic. This is the elec- 
tronics of logical networks. 

Logical networks are used widely in computing ma- 
chines and sequence-controlling devices. They perform 
certain operations in response to a certain set of input 
conditions. For example, a logical network can be de- 
signed to ring a bell if and only if a tall, blue-eyed, blonde 
girl passes a certain point; unless the passing individual 
is a girl who meets all these requirements, nothing hap- 
pens. We now hear talk of logical diode matrices, flip- 
flops, gating circuits, multiplexing devices. To make mat- 
ters worse we hear that these are based on an arithmetic 
of binary numbers. 

We are going to show how the binary number system 
works. It is quite simple and has many advantages over 
our familiar decimal numbering system. We are going 
to see also how it adapts neatly to electronic circuitry, 
and especially the circuitry of bistable devices. With this 
we can arrive at a clear understanding of the many new 
circuits now being developed. 


Bh tasted 0 nen AND ARITHMETIC are being 


Number Systems 


The first thing to consider is a number system. Briefly, 
a number system is a fixed set of marks with a rule for 
progressing from the given number to the next. We com- 
monly use the decimal system, which has ten marks 
0, 1, 2, 3, 4, 5, 6, 7, 8, and 9. If we write 1776 or $24.53, 
we have familiar numbers because of everyday experience 
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with them. If you happen to be a Mayan Indian, these 
numbers would mean nothing to you because the Mayans 
used a five-mark counting system. 

The Mayan marks quite picturesque, but for conven- 
ience we can say their numbers were 0, 1, 2, 3, and 4. 
A Mayan would never see the numbers 5 and over. We 
call the Mayan system a quinary, or five-mark, notation. 
Klectronics has found a numbering system that is in- 
credibly simple and, at the same time, compatible with 
electron-tube circuitry. It is called the binary numbering 
system and uses but two marks—0O and 1. Just why it is 
useful in electronics we will postpone for the moment; 


Table 1. Binary Numbers with 
Decimal Number Equivalent 








Decimal Number Binary Number 


0000 
000] 
OOLO 
O01] 
O1LO0 
010] 
O1L1LO 
O11] 
1000 
1001 
...1010 











°1 
0 


o-—— 
D tices 
Fig. |. Indicating binary numbers by SPDT switches. 


Switch setup A represents the binary number 001; 
switch setup B represents 101. 








first let us become acquainted with this novel numbering 
scheme. 


The Binary System 


The binary system uses only two marks; for conven- 
ience they are called 0 and 1. All numbers are made up 
of combinations of these two numbers and no others 
because only two marks are allowed in the system. This 
gives rise to numbers of the form 101101, or 101111, 
or 10. What do these numbers represent in our familiar 
ten-mark (decimal) system, and how do we add, sub- 
tract, multiply, and manipulate these numbers? 


Meaning of Decimal Numbers 


Let us first consider the meaning of a familiar number 

2,345. This is based on the conventional decimal sys- 
tem, which says that each number represents some power 
of 10. You may not be aware of it, but you mentally per- 
form the following calculation when you see the number 
2,345: you say that the 2 means 2000, that the 3 means 
300, the 4 means 40, and the 5 means 5. Then you add 
these to get 

2000 plus 300 plus 40 plus 5, or 2,345. 

The important point here is that powers of 10 are in- 
volved. The above was derived from that fact that LOOO 
equals 10°, 100 equals 10°, 10 equals 10", and 1 equals 10". 
Thus the number 2,345 was derived from 
2(10)* plus 3(107) plus 4(10)! plus 5(10)° equals 2,345 


Meaning of Binary Numbers 


In the decimal system, each “mark” is multiplied by 
a power of 10—that is, 10°, 10", 10°, 10° 
mean 1, 10, 100, 1000, ete. 

In the binary system, powers of two are used—that is, 
2”, 2', 27, 23, 24, 2°, 2°. etc. Of course these mean simply 
1, 2, 4, 8, 16, 32, 64, etc. 

Let us consider the binary number 101101, and find its 
equivalent decimal number. This is simple. We do exactly 
what we did for the decimal number, using the numbers 
1, 2, 4, 8, 16, 32, . . instead of 10, 100, 1000... . 

First write the number somewhat spread out with a 
plus sign between each mark: 

l+0+1414+0+41 
Starting at the right. multiply the first mark (1) by 1: 
the second mark (0) by 2, the third mark (1) by 4 and 
so on as shown; 


Fig. 2. Flip-flop, or counting, circuit. This circuit will count pulses 
at a rate of up to 100,000 pulses per second (that is, it will change 
equilibrium state at this rate), using negative input trigger pulses 
of 75 volts. (Photo courtesy EECO Production Company.) 


1(32) + 0(16) + 1(8) + 1(4) + 0(2) + 101) 
If we perform the multiplications indicated, remem- 
bering that 0 multiplied by anything is always 0, and 
add the result we get: 
10110l = 32+8+4+4+1= 45 

Thus 45 is the decimal-number equivalent of the binary 
number LOLLOL. 

\ table for some small numbers in our decimal num- 
ber system and their equivalent binary numbers is given 
in Table 1. If we go through the operation indicated 
above, we find that we always obtain the equivalent 
decimal number indicated. For example, 111 means: 

1(4) + 1(2) + 101) = 7 
which is the decimal number given for 111 in the table. 

Now let us consider how easy it is to do arithmetic 

with this system. 


Adding Binary Numbers 


To add binary numbers, we need to remember only 
two rules: 

Rule 1: 1 plus 1 is 0, carry 1 to the next column. 
Rule 2: 1 plus 0 is 1, which is obvious. 

To verify this let us add two small numbers, say 1] 
(which is decimal number 3) and OL (which is decimal 
number 1). Performing the addition according to the 
rules: 

l] 
01 


0, carry 1 to the next column 
1] 

0] 

1 (carried) 


OO 
carry | to the next column 
The result is then 100. This, according to Table 1 is 
decimal number 4, which we know is correct. 


Multiplying Binary Numbers 


Multiplication is even simpler and requires that we 


remember only: 
Rule 1: 1 & 1 is 1 
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Fig. 3. Schematic of three flip-flops in series, with glow tubes in 
the plete circuit of each V2 section. A represents initial condition; 
B represents condition after one pulse; C represents condition after 
two pulses; D represents condition after three pulses. 


Rule 2: | 0 is 0 
Let us multiply the numbers 11 (or decimal number 
3) and O1 (decimal number 1). We should get 3. be- 
cause 3 | is three. 
1] 
01 


O00 


11, which is 3. 

These two rules replace all of the multiplication tables 
shoved down our throats in elementary grades; we don’t 
have to remember 7 8 is 56,7 * 4 is 28, and 9 & 7 
is 63. Someday we might junk the whole decimal system 
and start our children in binary arithmetic forevermore, 
but this is a bit optimistic, 


Binary Electronics 


However, the electronics men have had to do just this 
because it is simple and inexpensive to count electroni- 
cally in binary numbers—that is, using what is called a 
| state (or true state) and a 0 state (or false state.) 

We can see how this is applied by considering a simple 
application. In Fig. 1 we see a set of SPDT switches: 
by convention we will call the up position “O” and the 
down position “1.” Reading the switches from top down, 
and letting the top switch represent the leftmost number, 
the switches designate the binary number 001. If we 
change the position of the top switch as in Fig. 1, B. we 
arrive at the binary number 101. 

Each switch configuration represents one and only 
one binary number. This is convenience itself. Notice 
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that the switches have two conditions or “states,” which 
we normally call the “on state” and the “off state.” In 
binary terminology, we simply change the terminology 
to 1 and 0, and we see that the state of things is now 
described by a number instead of a lengthy word descrip- 
tion such as: “The top switch is up, the bottom switch 
down, and the middle switch up.” The single number 
represents the entire situation. 

We can extend this thinking to a vacuum tube. If the 
tube is conducting, we can say the tube is “on” or in the 
“1” state. If it is off and not conducting, we can say it 
is in the “0” state. So we have a way of numerically stat- 
ing whether a tube is conducting or not. 

How could a tube indicate it is conducting? This can 
be done simply by putting a glow tube in the plate circuit 
of the tube. If the tube is conducting, the light is on and 
indicates that 1 state. If it is not conducting, the light is 
out and indicates the 0 state. Light on means 1, light off 
is 0. So here we have a way of finding whether a tube 
is conducting or not. More than that, we have a method 
available now to count pulses in a circuit and to deter- 
mine the number of pulses by looking at a few glowing 
lights. This is done with a two-state circuit called a 
flip-flop, which is used extensively in binary numbers. 


The Flip-flop Circuit 

Fig. 2 is the schematic circuit of a practical flip-flop. 
The plate of each tube is connected to the grid of the 
other through a resistor in parallel with a capacitor. With 
the circuitry shown, only one tube conducts at a time. 
The voltage on the plate of the conducting tube is lower 
than that on the plate of the nonconducting tube. If a 
negative pulse is applied to the grids of both tubes, the 
conducting tube starts to cut off. Its rising plate voltage, 
connected to grid of the nonconducting tube, starts to 
make the nonconducting tube conduct. This in’ turn 
causes a falling plate voltage to be applied to the grid 
of the formerly conducting tube, cutting it oti still further. 
This regenerative action causes the two tubes to reverse 
their states in a few microseconds—that is, the noncon- 
ducting tube becomes conducting: the conducting tube 
becomes nonconducting. Another negative pulse will re- 
verse the situation. Another negative pulse will again re- 
verse the situation. The circuit “flips” and “flops,” back 
and forth, with each negative pulse. 

Simultaneously with the change from nonconducting 
state to conducting, a negative step is generated at the 
plate load resistor of the tube changing state. This is the 
output of the tube. 

What have we got? A circuit in which only one tube 
conducts at a time. Each negative pulse or step causes 
the conducting tube to stop conducting and the noncon- 
ducting tube to start conducting. Every second pulse 
causes any one tube to conduct. Suppose we call V1 the 
“zero” tube, and V2 the “1” tube—that is, when V1 is 
conducting the circuit is in “zero state,” and when V2 
conducts it is in “1 state.” This is analogous to the 
switches discussed previously. Let us put a glow lamp in 
the plate circuit of the V2 tube: when it conducts the 
light glows. Therefore, when the circuit is in 1 state. 
the light indicates this state. When it is in 0 state the 
light is out. On, then, means 1 and off means 0. 

Now let us hook a series of these flip-flop circuits in 
series and see what happens. Fig. 3 is a block-diagram of 
three flip-flops in series, with glow tubes in V2_ plate 
circuit of each. 

At the start, assume all of the V1 tubes in each circuit 
are conducting. Therefore, all of the lights are out. The 
lights are in the V2 plate circuits. We can say the tubes 
represent the number 000 because a light off means 0. 














Now insert a single pulse; the first flip-flop circuit changes 
state and the light for this circuit glows. We now say we 
have the binary number 001; according to Table 1 this 
is decimal number 1 also. This means one pulse has 
entered the system. Now insert a second pulse. The first 
counter reverses 1 and the light goes out. But since the 
counters are cascaded, the negative pulse of V1 when 
it starts conducting affects the first tube of the second 
counter. The second counter reverses state, causing V2 in 
the second circuit to conduct. Now the light in the second 
circuit is on and we have first circuit light off or zero. 
This is the number 010 in binary, which according to 
Table 1 is decimal number 2. Two pulses have entered the 
system. 

Insert a third pulse. The first counter reverses and its 
light comes on: so we have the binary number O11. This 
is decimal number 3. The procedure continues until all 
the lights go on and then the next pulse starts the cycle 
over again with binary number 000, We have available 
a method of counting pulses (negative voltage steps). 
but the counting is indicated in binary code. 


Computing Machines 


We have here the arithmetic element of most computing 
machines. These machines work in this binary code or 
numbering system, and this will account for the extra- 
ordinary rates at which they add or multiply. 

Let us examine how we might add two numbers in 
this electron-tube circuit. Let the numbers be 2 and 3. 
First of all we might feed in 2 pulses to give the binary 
number 010—that is, only the second circuit light is on. 
the other two lights are off. Then we insert or add the 3 
pulses we wish to add to the 2. The counters will change 
state and finally generate the binary number LOL, which 
is decimal number 5. The pulses can be fed in at a rate of 
100,000 per second, the fastest counting rate of this cir- 
cuit, and the addition will then take place in littke more 
than 5/100,000th of a second. Circuitry exists to count in 
excess of a million counts per second, increasing this 
speed by a factor of ten. 


Diode Matrices 


Another application is in connection with diode 
matrices. These are devices which activate a single line 
(or lead) at a time out of an entire group of leads. 
They also find application in computers and in automa- 
tion or process-controlling circuits now coming into use. 

The matrix is made of horizontal and vertical leads 
interconnected with diodes which have a relatively low 
forward-resistance and an extremely high backward- 
resistance. Let us examine the matrix shown in Fig. 4. 
Two flip-flops are used, and there are four vertical and 
four horizontal leads. When the flip-flop is in the zero 
state, the zero tube is conducting and the 1|-state tube is 
nonconducting. The plate voltage in the 1-state tube is 
the supply voltage. We arrange for this voltage to exceed 
the bus-line voltage at the top of the matrix. The diode 
will not conduct if it “points into” a higher voltage than 
is driving it. This diode is said to be back biased, meea- 
ing the back voltage exceeds the forward voltage. If we 
reverse the state of the flip-flop, the plate voltage on the 
l-state drops when it conducts and the bus supply voltage 
now exceeds the back voltage of the diode. The diode 
now conducts. 

Let us start out with the flip-flops arranged so that it 
is in the state 00, meaning the 0 states of each tube are 
conducting. We find the diodes pointing into the second 
and fourth horizontal leads are all back biased; they are 
unable to conduct. The diodes connected or pointing 
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Fig. 4. Diode matrix controlled by flip-flops. 


into horizontal lines 1 and 3 are not back biased and are 
therefore conducting. 

If we examine the vertical leads we see the ones marked 
1, 2, and 3 are all conducting current (effectively to 
ground), shorting out the resistor at the bottom. How- 
ever, line 0 is not grounded through a conducting diode; 
therefore, the bus supply voltage appears across R5 
when the flip-flops are in the state 00, 

Now let us insert a pulse into the counter and advance 
the topmost counter to 1, giving the counter state Ol. 
Now we find that horizontal leads 2 and 3 are not back 
biased. Going down the vertical lines again we find that 
the vertical marked 1 is ungrounded. Therefore, when the 
counters are in the state representing O1 (which is deci- 
mal number 1), vertical line 1 is the only line not 
grounded and therefore the only line where the voltage 
appears at the bottom resistor (R6). Change the state 
of the counters to 10 (decimal number 2) and, by the 
same reasoning, we “ill find line 2 the only ungrounded 
line. So we see thet we can distribute the bus supply 
voltage to any of the four lines, one at a time, by setting 
up a certain binary number in the flip-flops at the end 
of the horizontal line. This can be extended to any 
number of flip-flops. For example, with eight flip-flops 
and the proper diode connections, we can switch the bus 
supply voltage to any of 256 lines, simply by inserting 
pulses into the counters and letting them count in binary. 
While they are counting, the associated diode matrix is 
activating corresponding lines. This is the principle of 
electronic multiplexing or time sharing of lines, which 
finds increasing importance in communications and com- 
putational work. 

In summary, we note that all of this is based on a 
binary number system, and the electron‘:s are actually 
physical manifestations of binary arithmetic. The cir- 
cuitry provides means for counting and performing arith- 
metic operations. Switching operations can be performed 
when associated diode matrices are used. The latter can 
he used also to perform logical operations, such as to 
cause voltage to appear on a certain line when a certain 
binary input appears on the counters. Applications en- 
gineers are finding increasing use for these simple cir- 
cuits: in this age of automation they will be the founda- 
tion on which many control circuits will be built. 
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Fig. 2. Over-all view of the UOP Platforming unit at the Rock Island Refining Corporation, Indianapolis, Ind. This is 


the first refinery 
unit in the United States to be entirely controlled with electronic instruments. From left to right are splitter and stabilizer columns, reactors, 
and reactor charge heater. (Photo courtesy Universal Oil Products Company.) 
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Fig. 3. Central control station for the Platformer, showing graph- 
ic panel. (Photo courtesy The Swartwout Company.) 


LEON STEWART 
Rock Island Refining Corporation 


Electronically Controlled Refinery 





N starting up a new 2,400-barrel-per-day UOP Plat- 
forming unit recently, Rock Island Refining Corpora- 
tion at Indianapolis, Ind., again gained the distinction 
of pioneering a new step in the field of process control. 
In August of 1949 the company became the first refinery 
in the world to put into operation a complete refinery 
controlled by a graphic panel. The new Platformer is the 
first complete refinery unit in the United States to be 
controlled by electronic instruments. 


The Platformer 


Our Platformer went on stream July 6, 1954. The Plat- 
former, a catalytic reforming process, increases the octane 
rating of our gasoline. 

Our UOP Platformer (Fig. 1) consists of 4 sections 
a prefractionator, a heater-reactor section, a separator- 
compressor section, and a stabilizer section. The prefrac- 
tionator is a fractionating column used to prepare our 
feed stock for the reaction. The heater-reactor section con- 
sists of 3 heaters and 3 reactors. The platinum-bearing 
catalyst is in the fixed-bed reactors. The reformate is sep- 
arated from the excess hydrogen and other gases in the 
separator. Since catalytic reforming includes a dehydro- 
genation process the net make hydrogen is vented in this 
section. The hydrogen to be recycled is run through the 
compressor to rejoin the feed stock entering the first heat- 
er. The reformate is stabilized in the final column. 





The pioneer user of an electronic process control system reports 
on the success achieved in controlling a UOP Platformer. 
Basic advantage turns out to be the better control resulting from 
the higher derivative rate made possible by the greater sensi- 
tivity and response 


Fig. 4. Rear view of graphic panel. (Photo courtesy Universal 
Oil Products Company.) 


speed of the electronic control system. 





Control Variables 


Optimum operation of the unit depends on proper con- 
trol of four process variables—temperature, space veloc- 
ity, pressure, and hydrogen recycle rate. An increase in 
temperature at the reactor results in a higher octane out- 
put. As the catalyst ages, increased temperature is re- 
quired to obtain the same octane output. A control sys- 
tem is required that can increase the temperature a few 
degrees at a time, and also respond accurately and rapidly 
to slight increases. 


Choice of Controller 


Before instrumenting our Platformer we compared elec- 
tronic and pneumatic controllers on the basis of opera- 
tion, reliability, ease of maintenance and installation, and 
economy. To test the electronic: controllers several units 
were installed on our catalytic cracker. An electronic tem- 
perature recording and controlling system, installed in 
parallel with a pneumatic system, performed better than 
the pneumatic. 

One factor affecting the reliability of pneumatic con- 
trol is freezing air lines, especially when the air drier does 
not function properly. Also, the Instrument and Electrical 
Departments decided that they could run conduit and in- 
stall electronic controllers as cheaply and easily as in- 
stalling copper tubing and pneumatic controllers. Our 
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Fig. 5. Swartwout explosion-proofed electro-pneumatic trans- 
ducer that converts the electronic impulse originating at the graphic 
control panel into a pneumatic signal for positioning the valve. 
Heater strips assure all-weather operation. (Photo courtesy Uni- 
versal Oil Products Company.) 


Instrument Department felt that with specific informa- 
tion about the circuits they could maintain the electronic 
controllers. 

After discussing the feasibility of employing electronic 
equipment on the Platformer with Universal Oil Prod- 
ucts Company, which designed, engineered and licensed 
the processing unit, we decided that the electronic con- 
trollers promised better control, reliable operation, cheap- 
er installation, and easier maintenance. We _ therefore 
specified them on our Platformer, and chose Autronic 
instruments manufactured by The Swartwout Company. 


Installation and Start-up 


While we were constructing the Platformer no prob- 
lems arose that could be considered unique to electronic 
control, The conduit to the units installed in the field 
was mounted on the process piping racks rather than on 
expensive, additional tubing racks. The panelboard was 
built and wired by Panellit, and we were pleased with the 
simplicity of the back of the board (Fig. 4). 

We started to heat the recycle hydrogen on July 5; 
the next day at 9:22 AM we cut in the naphtha charge. 
By 10:00 AM the entire process was on automatic and 
all variables were stabilized. The Platformer has been 
operating continuously since that time. The smoothness 
of this start-up was due to our giving the control system 
a complete check-out before start-up. 


Performance 


Subsequent performance (now five months) has ex- 
ceeded our expectations about the job that electronic con- 
trollers could do. The reason for the superiority is that 
the combination of high speed of response plus high 
sensitivity allows proper corrective action to be taken 
as soon as the process variable starts to deviate from the 
control point—even before it is visible on the chart. This 
lack of a dead zone is most apparent in our temperature 
control systems. Present potentiometric instruments re- 
quire mechanical motion, operation of a pilot valve, or 
mechanical rebalancing of a bridge circuit before rate 
response can be added to the control loop. This “part- 
time” operation makes it impossible to take full advantage 
of rate response. The all-electronic control system is more 
sensitive to small changes in the variable, both slow and 
fast, and can compensate for the slightest input changes. 
This permits higher rate-response settings to be used. Our 
temperature systems are extremely stable due to the great- 
ly increased rate-response settings we are using. 

The installation at Rock Island has shown the value of 
this feature. The derivative settings have been adjusted 
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Fig. 6. Temperature control of the heater. 























Fig. 7. Temperature control of the fractionator. 


to rates that were never thought practical before on 
similar applications because of the distorted picture that 
was obtained of the rate of change in the process when 
mechanical and pneumatic techniques were used. By be- 
ing able to use greater derivative action, and by having 
greater sensitivity in the controller, it has been possible 
to correct even small temperature changes before they be- 
came noticeable on the recorder. 


Maintenance 


Our Platformer has been in operation only five months 
so we do not have enough maintenance experience to 
justify our assumption that electronic instrumentation 
should be as easy to maintain as a standard pneumatic 
system. Maintenance to the present time has been low; 
calibration and routine checking of the instrument leads 
us to believe that maintenance costs will be lower. 


Conclusions 


The equipment in use at Rock Island has proved 
superior to pneumatic control for these reasons: (1) They 
are more reliable in cold climates. (2) They eliminate 
the need for tubing and racks with their high costs and 
maintenance problems. (3) They can give better control 
due to their greater sensitivity, or lack of dead band. (4) 
They permit greater use of the derivative control function 
because they lack the tendency to distort the measure- 
ment of the rate when the process variables change. 

It has always been the policy of Rock Island Refining 
Corperation to be as progressive as can be justified within 
the limits of safety, financial return on investment, and 
personnel acceptance. We installed and are still operating 
the first graphic panel using stack-type pneumatic con- 
trollers; these are now in general use throughout the re- 
fining and chemical industries. We believe that electronic 
control systems are an equally big step forward, and that 
on the basis of our experience this type will have wide- 
spread use in the petroleum refining industry. 





Automatic presses use automatic feed and 
safety limit switches. The present status 
and trends in design are presented. 


T. W. BANNON 


Clearing Machine Corp. 


AUTOMATI 


LTOMATION is not new in Automation 

principles were first applied to the presses themselves, 

and later to the mechanisms for feeding and un- 
loading them. 

It started with use of combination 
single-action presses so that more than one operation 
could be performed on a single workpiece. After that 
came double- and triple-action presses as well as multiple- 
station presses. Still later, so called transfer feed presses 
were developed. In this type of press a number of opera- 
tions are performed in a straight line; transfer presses 
have limited possibilities for combining blanking, drawing, 
and trimming operations. Still later, cycling times on 
presses were stepped up, and recently underdrive presses 
have been put in to use to ease material flow and aid in 
maintenance. 

Among the great strides made in feeding and unloading 
of the larger presses were the use of electronic devices to 
control the feeding in high-speed blanking and drawing 
presses. Magnetic feeds and transfers also deserve recogni- 
tion. 


presses. 


tools or dies on 


Present Status 
Examples of recent automatic presses reveal the pres- 
ent status of press builders in their attempts to keep abreast 
of automation demands. Clearing engineers recently de- 
signed and built a new kind of hydraulic press for the 
production of cartridge cases. A press which has to draw 
a shell to a final length of 24 inches requires an unusually 


Presented at the 18th Annual Machine Tool Electrification Forum, spon- 
sored by the Westinghouse Electric Corporation, Buffalo, New York, 
April 6 & 7, 1954. 


Fig. 2. The worker is 
loading a blank into the 
automatic feed. After 
punching, the piece is 
transferred to the next | 
operation by conveyor. 


Second picture is a 
close-up of the loading 
mechanism. 


Fig. |. The double-end press that punches on both ends of the stroke. 


PRESSES 


long stroke. The equally long return stroke necessarily 
slows down the return time. One way of reducing lost time 
is to produce at both ends of the stroke, eliminating lost 
motion from operating time. The Clearing Double End 
Press (Fig. 1) does this and has a number of other 
automation features too. Each press has an automatic feed 
(Fig. 2) especially adapted to its function, Safety limit 
switches on the make certain that the 
properly positioned before the press will operate. 

Three completely automatic shell-forging units recently 
built by Clearing each consist of three automated presses 
and an automatic descaler. These presses (Fig. 3) forge 
a 75-, 90-, or 105-mm. shell forging without a human hand 
touching the piece part. The machines run continuously 
and have a capacity of six shell forgings a minute. The 
presses are completely automatic, even to the point where 
the scale is cleaned from the dies and the lubrication 
furnished to the presses between each cycle. 


presses case 18 


Trends 


What does the future hold for press automation? Trends 
in press design will be to complete stampings in one or 
two presses. Feeding and unloading components will be- 
come standard equipment as well as electronic controls 
for actuating the press. The entire press line will be 
operated from one master control panel, Cycling rates 
will be stepped up even higher. New methods of simplify- 
ing and combining operations will undoubtedly be de- 
veloped. Automation will eventually reach the job-shop 
level, and users and builders alike will have to supply 
some not-too-easy answers. 


Fig. 3. An automatic shell-forging unit, showing close-up of tools 
in inset. 
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The Automatic Factory — 


Analysis of the degree of automaticity attained by typical manu- 
facturing industries of various sizes illustrates (1) the appalling 
disparity between contemporary automaticity and the co-called 
“automatic factory,” (2) the severity of the cost obstacle for small- 
er firms, and (3) the fact that the specific context of each company 
is the framework within which automaticity must manifest itself. 


V. Contemporary Automaticity 


REVIOUS discussions reviewed the major obstacles 
P in the way of the automatic factory. In the following 

discussion, several case studies will be presented in 
an effort to learn what steps some companies have taken 
to automatize their manufacturing operations. More spe- 
cifically, the value of each study will be increased if it is 
considered in relation to four questions: (1) What has 
this firm accomplished in terms of increased automaticity ? 
(2) How was the accomplishment made? (3) In what 
functions is this firm farthest from complete automaticity ? 
and (4) Why has progress been slow on these least auto- 
matic functions? The first two cases deal with automobile 
companies; the last two are about Project Tinkertoy and 
Atwood Vacuum Machine Company (a job shop produc- 
ing in small lots). 


The Automobile Industry 


The great strides taken in recent years by members of 
the automobile industry in connection with automatic pro- 
duction may be characterized as being primarily advances 
in the art of handling materials through machining opera- 
tions. Much less has been accomplished in finishing or 
assembly. This difference cannot be traced to a lack of 
interest—the task of automatizing assembly operations is 
simply much more complex than is the job of automatizing 
the handling of materials. Automatic assembly is presently 
limited to rather small sub-assembly operations. One com- 


Fig. 5-1. 
tooling. 


Drilling machine with single station and combination 
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pany, for example, has been able to introduce automaticity 
into the assembly of spark plugs. The assembly of radiator 
pressure caps has also recently been made automatic. But 
these, of course, are only “sub-assemblies.”” Compared to a 
complete automobile, the difference is of tremendous pro- 
portions. 

Important reasons for the ability of the automobile 
industry to realize gains in automatizing its materials han- 
dling functions derive from the design and construction 
of transfer machinery. 

One of the jeading producers of transfer machinery is 
The Cross Company of Detroit. Ralph E. Cross, Executive 
Vice President of the company, has sketched the develop- 
ment of transfer machines in an article* entitled “Trends 
in Automation.” His review indicates a logical, step-by- 
step development from single-station machine tools using 
multiple tooling to the present form of transfer equipment 
involving multiple tooling in multiple stations laid out in 
a straight line. 

Fig. 5-1 is an example of a single machine using combi- 
nation tooling. It is a two-way multiple-spindle drilling 
machine which completes 32 operations on a rear axle 
housing. The development of single-station machines con- 
tinued until it became impractical to add more tools be- 
cause (1) it became difficult to get workpieces in and out 


* Instruments and Automation, Vol. 27, page 768, May, 1954. 


Fig. 5-2. Multiple-station machine of dial type. Work pieces are 
attached to index table that is rotated from station to station; multiple 
operations are performed at each station, 





of their fixtures and (2) the presence of many heads turned 
the job of changing tools into a major operation. 

These conditions fostered the development of the mul- 
tiple-station machine; Fig. 5-2 illustrates the dial type and 
Fig. 5-3 the trunnion type. In these machines the work- 
pieces are placed in fixtures which are attached to index 
tables or trunnions. The parts are indexed from station to 
station; multiple operations are performed in each station. 
These machines are subject to a definite limitation. This is 
the diameter of the table or the trunnion; the larger the 
table the greater the indexing error. Because the size of the 
table is limited, the number of stations is limited. Out of 
this limitation grew the modern transfer machine. 

Transfer machines are now of two general types—pallet 
and plain. In the pallet type (Fig. 5-4) the parts are first 
clamped in fixtures and then transferred from station to 
station where the machining occurs. In the plain type (Fig. 
5-5) the parts are located and clamped separately at each 
station. At the beginning the parts are placed in the load- 
ing station and then are transferred from station to station 
until they reach the end of the line, where they are ejected. 

Fig. 5-6 represents an advanced example of transfer 
equipment. It is a “machine” for the machining of V-8 
cylinder blocks. It is 350 feet long, performs 555 operations, 
automatically handles the part in 7 different positions, and 
has a capacity of 100 parts per hour. At any one time, a 
total of 104 pieces are in process. The entire line is con- 
trolled by one operator. 

Two features of the machine are of particular interest: 
(1) automatic tool programming and (2) automatic bank- 
ing. The latter is a method of eliminating manual handling 
of parts at the time of tool changes. The automatic tool 
programming is designed to cope with the problem of down 
time due for tool changes. The problem of tool changing 
is presently the limiting factor insofar as the number of 
operations that can be combined into one transfer machine 
is concerned: the present chief problem in machine-tool 
automation is down time because of tool changing. As the 
number of tools in the machine increases, so also does the 
time required to change those tools. One way of controlling 
down time is through the use of tool programming for each 
individual tool. 

Fig. 5-7 shows a tool programming device called the 
“Toolometer.” This mechanical memory device totalizes 
the number of operations that a tool performs while work- 
ing, then shuts down the machine for changeover according 
to a predetermined schedule. The schedule is determined 
by estimating the life of the tool and by using a technique 
of “Sectioned Automation.” 

In “sectionized automation” the machine line is divided 
into sections. This permits the shutting down of some opera- 
tions without interrupting the operation of other sections, 
which continue to bank up parts while following sections 
are fed from a previously accumulated bank. 

Attention will now be directed to the Brown Co. (dis- 
guised name), a large automobile manufacturer. 


The Brown Company 


The achievement of this company in the field of automatic 
production is characteristic of the developments experienced 


Prepared for General Georges F. Doriot in 
partial fulfillment of the requirements of 
the manufacturing course at the Harvard 
Graduate School of Business Administration. 


Fig. 5-3. Multiple-station machine of trunnion type. Work pieces are 
attached to movable trunnion. 


Fig. 5-4. Pallet-type transfer machine in which parts are clamped 
to a fixture, or pallet, attached to conveyor. 


Fig. 5-5. Plain-type transfer machine in which part itself is trans- 
ferred from station to station, being clamped separately in each 
station. 
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Fig. 5-6. Late model 350-foot machine for machining V-8 cylinder blocks using "sectionized automation.” 


by leading companies in the automobile industry, and lies 
primarily in the area of materials handling. Much use has 
been made of transfer machinery. Several years ago, the 
management of Brown decided that four goals could be 
realized if a new method of automatically handling parts 
between manufacturing operations could be developed 
(1) to reduce production costs, (2) to improve product 
quality, (3) to increase the efficiency of machine tools, and 
(4) to insure against an inadequate labor supply. Work was 
begun to develop new methods of transferring parts between 
machines. 

Executives of the Brown Company decided that the best 
way to approach their problem was to establish a separate 
department which would be charged with the responsibility 
for discovering and capitalizing on opportunities for auto- 
matizing the materials handling function. This approach 
has been continued and expanded until, presently, “groups 
in every division of our Company are assigned the 
problem of automation for the parts manufactured within 
their division.” 

Once the new department was established, the approach 
taken was to work with standard and existing machines. 
These were rearranged and tied together with mechanical 
devices, thus resulting in the beginning of the “Inline Ma- 
chine.” As experience accumulated, emphasis was shifted 
from work with standard and existing equipment to en- 
tirely new machinery and equipment “which have been 
designed with automation in mind.” Essentially, the attack 
followed now is on a part-by-part basis. That is, a part is 
studied to determine whether “automation possibilities” 
exist. The specifics of this company’s approach can be ap- 
preciated by listening to their story in their own words: 

“We ordinarily give one automation engineer responsi- 
bility for the work on a complete automotive part. As the 
detailed plant layout is developed, the automation man must 
be readily available for consultation so that arrangements 
can be made for the installation of the simplest possible 
transfer mechanism. At this point in the process, many 
interested groups from production and higher management 
view the developments to see the overall plan. 

“It is the time for quick calculations and simple sketches 
to help determine in a preliminary way the extent of auto- 
mation which is justified by the economic factors. We quite 
often find that the right type of automation equipment costs 
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very little more than standard equipment which could be 
considered a minimum requirement. We can see here the 
value of close coordination on the program at this point 
and it must be strongly emphasized. 

“The part to be produced must be carefully studied fot 
adaptability to automation. Preliminary manpower esti- 
mates must be considered. We find that one operator can 
load and unload several or more machines. He may be 
required for reasons other than loading and unloading; 
such as assembly, manual control or observation; and 
automation may not be advisable. 

“Once we decide on the plant layout to be used, copies 
are made and the automation engineer starts his detailed 
study for determination of the complete program. An over- 
all preliminary automation layout is made. It shows all 
of the elements required. In some cases, models and three- 
dimensional drawings are made to be certain of some of 
the details and to make proper presentation to management 
for approval. 

“This preliminary automation layout is then analyzed 
for the estimated installed cost. 

“Our Industrial Engineering Department analyzes the 
manpower requirements by comparing the Automation 
Layout with the standard layout using the minimum equip- 
ment. When these are completed, we then have the cost 
figures which enable us to make a proper decision as to the 
extent of automation which may be required. This data is 
summarized and presented to Management for approval. 

“When and if the program is approved, the really im- 
portant work begins. The automation engineer must now 
coordinate all phases of design. He must see that the initial 
or preliminary plant layouts which were developed are 
revised wherever necessary so that the automation equip- 
ment is allowed adequate space. He must advise the Process- 
ing Department to revise their operation sheets where 
necessary to include the automation equipment. He must 
also consult the machine-tool designer so that the loading 
and unloading stations are properly prepared for automa- 
tion for working height, position, clearance. ete. 

“At this point we are ready to proceed with the procure- 
ment of equipment. 

“Inasmuch as automation equipment is a key item in a 
production process, we feel that the method of placing all 
of the responsibility with one party, the Automation Engi- 





heer, is a much better one if it can possibly be utilized. 
Even assuming that this method is utilized, the automation 
program is incomplete until the job is actually operating 
successfully. For this reason, the Automation Engineer must 
continue to follow the program until the entire system is in 
operation. It is necessary to keep in close touch with field 
conditions to take care of minor changes which may be 
necessary as the various other items of production equip- 
ment are installed in their proper places.” 

What the Brown Company has accomplished, with respect 
to automatic production, revolves primarily around the ma- 
terials handling function. The machining operations  in- 
volved include milling, broaching. reaming, tapping. drill- 
ing, boring, spot facing, chamfering, and countersinking. 
The parts that have been “automated” range from cylinder 
blocks and heads to gas tanks, pistons, and ring gears: 
inspection has also been automatized in many cases. The 
production of automotive crankshafts provides an example: 
one part of the production process for this part involves 
the drilling of “six oil holes, six metering holes, six light- 
ening holes, and inspection of the operation.” Three trans- 
fer machines having eight stations each perform the drilling 
and inspection operations. 

As is true of the industry generally, the Brown Company 
has realized considerably fewer results in the area of auto- 
matic assembly. One executive indicated that the “size of 
the part to be assembled is a limiting factor.” He stated 
as another example of a limiting factor the fact that “sheet 
metal parts cannot be held to exact tolerances—they bend 
slightly after stamping, and have to be adjusted by hand.” 

There are other reasons why automatic assembly has had 
a slow development, aside from the sheer difficulty involved: 
style and design changes are major reasons. For items 
subject to substantial annual design changes, it is necessary 
to foresee a payout period of a year or less before invest- 
ment is undertaken in automatic equipment. 

It is important to note that the Brown company sells to 
a mass market and that it accordingly produces on a simi- 
lar scale. Its financial resources are large and it thus 
possesses the ability to call on substantial engineering skill. 


The Green Company 


The Green Company is also a large manufacturer of 
automobiles. Its experience with automatic production 
parallels in many ways that of the Brown Company. Trans- 
fer machinery of the same general type is used. There has 
been a difference, however, in the methods followed by the 
two companies in installing their transfer equipment. In 
the case of Brown. their “automation department” has 


“ 


shopped around” and purchased from several machine- 
tool builders the necessary equipment for a production line. 
Green Company, on the other hand, has generally followed 
the practice of relying on one tool builder to provide all 
the essential machinery for a particular production line. 

The Green Company, like others in the industry, has also 
encountered its greatest difficulties in assembly operations. 
The approach of the company is to concentrate on the prob- 
lem of the “simpler assemblies. where there is a lot of 
labor now engaged or where it is difficult for a man to do 
the assembly (e.g.. picking up pins).” Jobs where “several 
operators are being used to do the same operation” offer 
“good tipoffs which might indicate that mechanization is 
feasible and would result in savings.” 

One executive of the Green Company has listed the 
factors which he thinks ought to be considered when ap- 
proaching the job of mechanizing an assembly operation. 
His selection is illustrative of some of the current think- 
ing by manufacturers on the problems of automatic pro- 
duction. The outline of his considerations is presented: 





Fig. 5-7. "Toolometer"’ for individual tool programming. 


1. Comparison between equipment cost and labor sav- 
ings. 
2. The effect of volume; present and potential 
Cost of equipment idleness 
Period of time to design and build equipment. 
Product quality— (uniformity ) 
Automatic sorting and inspection 
Flexibility of equipment design 
Product design changes 
Obsolescence 
Continuous or seasonal products 
Complexity of equipment 
Will an operator be replaced by a mechanic? 
Over mechanization—partially busy operators 
Cost of maintenance 
Cost of downtime due to non-uniform parts, jamming, 
or mechanical failures 
Safety 
Floor space 
Equipment design from operator viewpoint 
Leg room 
Sitting-standing principle 
Stock supply and disposal provisions 
Avoid barriers 
Proper location of controls 
Correct motion pattern 


Project Tinkertoy 

“Project Tinkertoy” is the code name of a project in- 
volving the mechanized production of electronic sub-assem- 
blies. It was begun in 1950 under the sponsorship of the 
Navy Bureau of Aeronautics and it was carried out by the 
National Bureau of Standards. During 1949 and 1950, 
study of the electronics industry indicated to the Navy 
that trouble would develop in connection with procuring 
needed electronic equipment in the event of a sudden mo- 
bilization period. It was concluded that in view of the 
quantities and varieties of electronic equipment needed, 
the costs of producing and maintaining such equipment 
would be formidable. Both the capacity of the industry 
and its ability to mobilize rapidly seemed inadequate. In 
an effort to correct this situation, the Navy turned to the 
National Bureau of Standards. The NBS had qualified 
itself for this new job by engaging in considerable work 
on electronic equipment prior to 1950, During World War 
Il, extensive work with printed electronic circuits stemmed 
from the Bureau’s work on proximity fuzes. And by the 
time it was asked by the Navy to undertake this new job, 
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“Although Tinkertoy is revolutionary ... it 
illustrates the major obstacles (to automation)” 


the Bureau “had developed a modular design concept, tape 
resistors, special circuit-printing technique, and hand ma- 
chines for printed circuits.” 

The efforts of the NBS and those of other companies who 
assisted on the project have resulted in a pilot plant pro- 
ducing, by highly mechanized methods, electronic subas- 
semblies. The plant is now operated for the Navy, under 
contract, by the Kaiser Electronics Division of Willys Motor 
Company. 

Proof that the production of electronic assemblies can 
be mechanized has had a major impact on the electronics 
industry. But the significance of Tinkertoy is even more 
widespread than this. In terms of automatic production, 
the accomplishment of Tinkertoy is definable primarily in 
the area of automatic assembly of discrete units. The Proj- 
ect also incorporates automatic inspection, via punched- 
card techniques, at every major operations point. However, 
the inspection process does not include automatic correct- 
ing means (i.e., feedback). When a certain number of 
rejects are registered, a warning sounds, and manual 
attention is directed to the cause. 

The fundamental concept which has enabled mechanized 
assembly to occur in Tinkertoy is “redesign.” This is a 
word often used—perhaps overly so at times—by writers 
on the automatic factory. In Tinkertoy, redesign has been 
applied not only to the product, but also to the process and 
to the production equipment. But most important, and the 
key to the success of Tinkertoy, is the design system 
developed for the products themselves; the printed circuit 
is the basic facilitating factor. 

Although Tinkertoy truly is an accomplishment of revolu- 
tionary significance both for the electronics industry and 
for industry generally, its attainment also illustrates the 
necessity of meeting the major obstacles discussed previ- 
ously. The production process at Tinkertoy is highly 
mechanized and it does involve automatic inspection, but 
it is not an automatic process in the sense of automatic 
feedback control. Thus the complexity of the process still 
exists as an obstacle to completely automatic operation. 

The printed circuit itself was not achieved overnight. 
The NBS did extensive work on printed-circuit technique 
for a number of years, and actual development of the 
concept goes back more than 25 years. 

The cost obstacle was also present in the Project. Al- 
though the equipment now used in Tinkertoy could prob- 
ably be duplicated for about three quarters of a million 
dollars, the developmental costs of the project amounted to 
over $4.7 million. This burden was born by the govern- 
ment, but would have been a formidable burden for a 
private concern. 

The problem of having to coordinate a number of sep- 
arate concerns and separately located skills was also pres- 
ent. A number of firms in addition to the Bureau of Stand- 
ards were called on to provide essential equipment and 
know-how. These included Kaiser Electronics Division of 
Willys Motor Co.; Doughnut Corp. of America; Com- 
munication Measurements Laboratory, Inc.; Sanders As- 
sociates, Inc.; the Davies Laboratories; and the Navy Post 
Graduate School. 
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Atwood Vacuum Machine Company 


Atwood is a job shop primarily making pressed metal 
assemblies. The problems it encounters with respect to 
automatic production therefore differ considerably from 
those faced by “mass-producing” companies. Its accomp- 
lishments in the area of automation (mechanized materials 
handling) are unquestionably minor when compared to 
those of the automobile companies. 

The executive vice president of the company believes that 
“because of a job shop’s requirements for flexibility in 
production, further improvements probably will not be 
along traditional lines of constructing special-purpose ma- 
chines for producing a more or less standardized product 
in large volume.” He believes instead “that there is another 
road that can be traveled as far as the job shop is con- 
cerned and that is to link together relatively standard 
processes which are of a flexible nature in order to achieve 
greater economies in processing and handling.” The ex- 
perience of his company with mechanized materials han- 
dling has been focused in this latter direction. 

Atwood’s steps “to get ready for future steps that might 
be taken to mechanize or automatize our operations” were 
motivated by a desire to lower costs. Company executives 
felt the most opportune way to do this was to reduce direct 
labor. In an effort to effect economies in labor, the execu- 
tives asked themselves “what essentially does labor do?” 
The answers they found were: “it moves material in and 
out of machines, between machines, from raw stock into 
production, and from finished parts into assembly and 
then into shipping.” On the basis of this analysis, it became 
clear that mechanization of the materials handling function 
would yield substantial direct labor savings. 

The desire to realize these savings had to be conditioned 
by an important essential circumstance: flexibility. The 
importance of this can be appreciated when it is noted that 
Atwood presently ships about 500 different assemblies per 
month. On the average, each of these assemblies involves 
four parts. Thus a total of 2000 different parts are processed 
through the plant monthly. Over a thousand different ma- 
chine tools are used in the plant. These include presses, 
mills, drills, welding, grinding, heat treating, plating, and 
painting equipment. 

Essentially, Atwood’s change was from a functional de- 
partmental layout (“machines were grouped by type in 
departments”) to a modified product line layout. In this 
latter way, it became more possible to utilize mechanical 
handling devices (such as chutes, conveyors. feed mechan- 
isms, overhead cranes, and air rejection devices). Ten 
thousand planning hours and a new plant were required to 
carry out the program. The job of determining the job- 
shop production lines was carried out as follows: 

1. Determine the number of production lines. 

(a) “Make a card for each active manufactured part, 
and record the manufacturing operation sequence 
on this card.” 

(b) “Sort these parts cards by grouping like-opera- 
tion sequences to determine the number of pro- 





“,.. ability to coordinate for automaticity appears 


to rise in proportion with financial resources” 


duction lines.” Punched cards were used for this 
job and then a judgment was made of the num- 
ber of lines needed by examining “the number 
of parts falling within a like-operation sequence 
group. 

2. Determine the number of machines needed in each 

line. 

(a) “List the monthly experienced or anticipated 
volume of production for each part on the opera- 
tion sequence card. 

(b) “Determine the average monthly production rate 
of a’ machine for each type of operation. 

{c) “Divide the total monthly volume of parts for 
each operation in each production line by the 
monthly machine production rate for that opera- 
tion. The quotient obtained is the number of ma- 
chines that is required for each operation in each 
production line.” 

The experience of the Atwood Company with automatic 
production illustrates the appalling disparity that exists 
between the level of automaticity presently existing in 
thousands of industrial plants and that which will consti- 
tute the so-called automatic factory. The concept of feed- 
back is absent in this firm’s processes. Automatic controls, 
as such, are used, of course, but anything similar to our 
automatic non-existent. Mechanized material 
handling constitutes the limits of this company’s experi- 
ence with automatic production. 

Yet to minimize Atwood’s achievement on the basis of 
a comparison with the automatic factory constitutes a 
judgment hardly valid when related to the problems of a 
job shop, such as Atwood. The products the company 
processes are numerous and they differ in many charac- 
teristics. In these circumstances, the chances of economi- 
cally justifying special-purpose production equipment are 
slim indeed. Flexibility is the master and obeisance to its 
dictates is unavoidable. 


process is 


Conclusions 

The experience of several industrial organizations with 
automatic production has been examined. Major attention 
has been focused on the piece-part industries, as these are 
the ones furthest from a continuous-flow-type of production 
process. The point of view has been one of trying to deter- 
mine what these organizations have accomplished in the 
area of automatic production, what problems were en- 
countered, and how they were met. The following question 
now seems pertinent: What conclusions may be drawn 
from the experience reviewed concerning the obstacles to 
the automatic factory and the probability of their elimina- 
tion. The following conclusions seem justified: 

1. The larger the company and the greater the financial 
resources at its command, the more capable it is to meet 
and overcome the major obstacles. The cost obstacle be- 
comes weaker as the financial strength of the firm increases. 
The ability to coordinate all of the skills necessary for 
achieving increased automaticity also appears to rise in 
proportion to the financial resources of the company. 

2. Measuring and understanding the complexities of the 
production process continues to be one of the most un- 


assailable obstacles. Related to this is the dearth of qualified 
engineers. These are obstacles which are less subject to 
removal on the strength of finances alone. 

3. Manufacturers are interested in the financial impli- 
cations of changes in their production processes. Hence, 
financial return is the key factor. This has the effect in 
many instances of limiting automaticity considerably short 
of the automatic factory. 

4. The market for a firm’s products affects that firm’s 
ability to automatize in two major ways: 

(a) The aggregate demand, in terms of volume, 

affects the company’s opportunity to employ 
special-purpose equipment. The greater the de- 
mand for a particular product the easier it 
becomes to economically justify the use of 
special-purpose equipment on that product. Long 
runs versus short runs is the issue. One way of 
circumventing this issue is through the use of 
flexible machinery which can easily be adapted to 
different products. Project Tinkertoy, in which 
the modular design or “building block” concept 
is employed, is a modern example of one way 
in which flexibility has been achieved. Modular 
design, in that situation, has established “a series 
of mechanically standardized and uniform mod- 
ules (or building blocks), producible with a 
wide range of electrical characteristics.” The 
MIT milling machine is another answer; how- 
ever. until the prohibitive cost of the machine 
can be reduced (about $800,000) its application 
will be limited. 
The less concerned the market is with style, the 
greater leeway a firm has to redesign its prod- 
ucts to meet the demands of automatic processes. 
The progress of the automobile companies has 
been achieved primarily in connection with in- 
ternal parts of the finished product. Project 
Tinkertoy involves products where the function 
performed is the critical consideration and not 
the visual effects of the design. 

5. The specific context of each individual company is the 
framework within which automaticity, if at all, must mani- 
fest itself. This means the primary burden for instituting 
process changes leading to the automatic factory must lie 
with the company. Instrument manufacturers and machine- 
tool builders can do a great deal on their own, particularly 
with standard tools. But even in these cases, the “standard” 
tools must be tailored to the specific conditions of the com- 
pany. In the numerous instances where the tools and instru- 
ments must undergo major adaptations to meet the company 
situation, the focal point is, self-evidently, the company. The 
implications of this circumstance are considerable. In the 
larger companies, their own “automation departments” can 
assume the burden of directing and coordinating specific 
projects, The smaller companies, while they can benefit 
somewhat from the pioneering effort of the large com- 
panies, must utilize other means before they can expect 
substantial progress. The so-called “automation consulting 
firm” may eventually be the answer for their predicament. 
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TURBINE-BLADE TEMPERATURE 


Inductive commutator permits measurement of tem- 


peratures of turbine blades rotating at 25,000 rpm. 


NSTRUMENTATION SYSTEM for remote indication 

of gas-turbine blade temperatures has recently been de- 

signed by M. L. Greenough of the National Bureau of 
Standards for the Navy Bureau of Ships. The system 
includes special high-temperature resistance thermom- 
eters that withstand large centrifugal forces (100,000 g’s), 
an inductive commutator that transmits signal information 
from the high-speed rotor (25,000 rpm.) to external sta- 
tionary equipment, and electronic circuitry that interprets 
the telemetered signals as temperature measurements, Tests 
on turbines under actual operating conditions indicate that 
temperature measurements may be made with the instru- 
mentation system to an accuracy of better than + 25 
deg. F. at temperatures up to at least 1400 F., where more 
conventional. methods used on lower-speed machinery are 
not applicable. Electrical and mechanical portions of the 
system were developed by L. A. Marzetta and F. H. Bayhi; 
the resistance thermometers by M. Davis and H. A. 
Bowman. 


The Inductive Commutator 


At low speeds, slip-ring or commutator and brush ar- 
rangements are used commonly to transfer data from mov- 
ing parts. At high speeds, however, or in the presence of 
oil or water vapor, maintenance of good contact for reli- 
able signal transfer becomes difficult. 

New alternatives are their inductive counterparts—the 
“inductive slip-ring” and the “inductive commutator”; the 
latter has been developed more fully at NBS. 

The inductive commutator consists of a number of pairs 
of input and output coils on the rotating shaft (Fig. 1) with 
one stationary set of energizing and information-receiving 
coils mounted on the turbine frame. Rotation of the shaft 
brings each coil pair into and out of coupling with the 
stationary coils. Each channel or set of rotating coils is 
sampled periodically with rotation; thus signal information 
is sequential in nature. The shaft may be run in either di- 
rection without modification of the unit. 


Electrical Circuit 


The electrical circuit of the inductive coupling units is 
simple (Fig. 3). One stationary coil is excited with current 
at 160 ke.; the other stationary coil develops the output 
voltage. On the rotating structure, the coil, pairs are elec- 
trically connected together and shunted by the variable- 
resistance thermometer element. One of the rotating pair 
couples electromagnetically with the exciting stationary 
coil, the other with the output coil. The result is that the 
amount of energy transferred through the device is gov- 
erned by the resistance of the thermometer element when 
its particular rotating coil pair is coupled to the stationary 
coils. The voltage output is nearly a linear function of 
thermometer resistance, and is independent of the speed 
of rotation. 
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In order to make the output voltage independent of the 
strength of excitation of the input coil, one of the channels 
is used for calibration, and a fixed, known resistance is 
substituted for one of the temperature-sensitive elements. 
Thus the ratio of the output of any of the signal channels 
to that of the calibration channel is the true measure 
of the resistance of the sensing element. This ratio is 
easily determined by adjusting the excitation for a con- 
stant output from the calibration channel, whereupon 
the signal channel output may be read directly. The gain- 
determining features obtained through the use of the 
calibration channel also provides a means of compensation 
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Fig. |. Basic principle, showing inductive commutator. Oscil- 

lator energizes input (fixed) coil at left. Magnitude of signal 

induced at output coil (measured by r-f. voitmeter) depends 
on resist of resist thermometer. 








TELEMETER 


for changes in the oscillator frequency and for changes of 
resistance in the commutator windings. 

In the NBS instrumentation system, five rotating coil 
pairs provide a four-channel measurement system; the 
fifth channel is reserved for calibration, Surrounding the 
commutator coils are five synchronizing coils which allow 
the selection of any one channel for observation, The se- 
lection is accomplished by gating the source of r-f. excita- 
tion when the chosen rotating pair comes between the fixed 
coils. Gating is achieved by mounting a short piece of high- 
permeability material around the outside of the rotating 
disk so that it is centered under a synchronizing coil when- 
ever the signal coil pair is at maximum coupling. Therefore 
the inductance of any one synchronizing coil is raised for 
a part of each shaft revolution, and during this time the 
excitation oscillator is gated on. Thus the desired channel 
may be selected by switching the appropriate synchroniz- 
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Fig. 3. Block diagram of telemetering system. 


Fig. 4. Typical installation. 


ing coil into the synchronizing circuit. This method of 
channel selection is independent of the speed and of the 
direction of rotation, 


Resistance Thermometers 


The resistance thermometer is contained in a thin-walled 
tube of inconel approximately 0.040 inch in diameter 
about the size of an extra-thin automatic pencil lead, The 
temperature-sensing element consists of a 24-turn coil of 
0.001-in.-diameter platinum or rhodium wire in a helix 
about 0.024 inch in diameter and 1 inch long; thus the 
effective temperature sensing area is small. The element is 
embedded in “A-417” cement, a ceramic composition de- 
veloped by the National Bureau of Standards as a protec- 
tive coating for metals in high-temperature service. Calibra- 
tion measurements at 1400 deg. F. at 40,000 g’s indicate 
good adherence, no softening, and no deleterious chemical 
action with the coil materials used, 


Performance 


Static accuracy and reliability tests for a number of 
thermometer elements indicate a variation from the mean 
response of less than 10 degrees F. over a range from 800 
to 1500 deg. F. There does not appear to be any appreci- 
able change in the characteristics for at least a dozen runs 
on any one thermometer. Further tests to determine their 
permanency are under way. 

Thermo-resistive elements have been made and tested to 
withstand about 40,000 g’s at 1400 deg. F. inside a minia- 
ture oven mounted on a centrifuge. The tests also showed 
no appreciable strain effect under these conditions. If a 
strain effect were to become evident as measurement tech- 
niques become more refined, a minor speed correction could 
be applied. 

To date, facilities have not permitted parallel operation 
of the thermo-resistive system and a calibrating thermo- 
couple system. Instead, the approach has been to mount 
the former in a turbine assembly, run the turbine under 
measured operating conditions, and then install the latter 
and run the turbine again under identical conditions. This 
has been carried out for temperatures up to 1400 F. at 
forces up to 30,000 g’s. With either system the variation 
between runs is of the same order as the agreement between 
the two systems—about 15 to 25 degrees F, 
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Instrumentation in 


STREAM-POLLUTION CONTROL 


In pollution abatement, all else is secondary to the stream. Necessary 
instrumentation includes recording of water-course flows and stream 
constituents to provide adequate data for flexible stream control. 


NE of the developments of modern times is the ac- 

celerated establishment of stream-classification stand- 

ards compatible with water usage. Some of these 
standards contain quantitative criteria; some pollution- 
control authorities promulgate sewage and industrial 
waste-treatment-plant effluent standards. Both types of 
criteria for pollution control have given rise to problems 
of application and administration and to technical and 
legal controversy. 


Water Courses 


Pollution-abatement requirements apply to tidal waters, 
lakes, rivers and ground water. 

Instrument applications to water courses include con- 
tinuous measurement of tide levels, lake levels, stream 
stages, ground-water levels, stream velocities, and stream 
flows. Use of wind-direction instruments to determine 
travel of pollution has been the practice for many years. 
Less universally used in the receiving water itself are 
continuous recording mechanisms for conductivity, oxi- 
dation-reduction potential, salinity, pH, temperature, and 
photoelectric-cell equipment for recording color intensity 
and turbidity. 

Flows in many large streams have been recorded for 
years by the U. S. Geological Survey. Similar measure- 
ments in small streams by pollution-control agencies would 
be of considerable value. 

Conductivity measurements often can be correlated with 
specific constituents, as can oxidation-reduction poten- 
tials. The importance of temperature to dissolved-oxygen 
considerations, and the importance of pH in relation to 
specific contaminants and activities of algae, make these 
continuous records invaluable. The continuous recording 
of dissolved oxygen, the continuous monitoring for radio- 
active contamination, and continuous microscopic detection 
of undesirable microcosms will one day be commonplace. 


Stream Control Problems 


Continuous recording of stream quality and flows pro- 
vides data for flexibility of stream control. For example, 
many rules and regulations tend to provide for all-time 
record drought conditions, and thus impose considerable 
burden of cost on stream users from the standpoints of 
both capital costs of treatment works and operating costs. 
Continuous flow measurements can anticipate drought 
conditions, and allow flow control where regulating res- 
ervoirs exist, There are several locations in the country 
where it is possible to pump from one watershed to an- 
other when conditions require. Trickling filters and ac- 
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Consulting Engineer, 
New York City. 


tivated-sludge plants can be operated to control effluent 
B.O.D. and nitrification in relation to treatment-plant 
operating economy. Where industrial wastes are lagooned, 
they can be discharged at proper times compatible with 
stream flows and stream quality. 

The allocation of stream capacity under changing con- 
ditions poses a difficult problem to stream administrators. 
Continuous recording of related factors which define local 
characteristics is to be highly recommended. 


Discussion 


by A. N. DIACHISHIN 
Principal Engineer, Interstate Sanitation Commission. 


The information we desire is of two general categories— 
inanimate and animate. The inanimate includes flows 
and all the physical characteristics of the stream, such 
as the concentrations of dissolved and colloidal materials. 
The animate includes data about the host of complex 
biological activities that occur in a stream. 

The importance of recording is not to be underestimated. 
For example, the Interstate Sanitation Commission has 
been conducting a weekly survey in Upper New York 
Harbor since the winter of 1952. At a sampling station 
in the Narrows, some twenty feet below the water sur- 
face and at least a mile removed from any pollution 
source, there was a variation of from 28 to over 90 percent 
of dissolved-oxygen saturation. Even the concentration 
of chlorides varied from about 7,500 to 15,000 parts per 
million at this sampling location. Measurements or esti- 
mates are made of (1) the strength and direction of the 
current, (2) air temperature and velocity, (3) water tem- 
perature, (4) pH. (5) suspended solids, both total and 
volatile, (6) chloride concentration, (7) dissolved-oxygen 
concentration, (8) B.O.D., and (9) most probable number 
of coliform organisms. 

The primary biological characteristic of a stream that 
is widely used, and indeed is almost solely relied upon 
in the classification of bathing beaches, is in itself an 
indirect measurement. I speak of the determination of the 
“Most Probable Number of Coliform Organisms,” which 
purportedly is an indication of the number of pathogenic 
organisms present in the sample of water tested. 

The problem of the measurement of the density of 
pathogenic organisms is not solved. At present. we cannot 
measure the nature of coliform organisms in a given 
sample with any degree of reliability. In addition to the 
large variability of the Most Probable Number Data itself, 
still another removal from the original waters themselves 
must be made—that is, a ratio must be applied to the 
Most Probable Number to obtain an estimate of the 
numbers of any particular pathogen. Instruments are 
needed to measure and record more accurately these 
biological indicators. 
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Ever wish for a versatile meter? One that adapts 
in minutes to changing rates of flow? You get 
your wish with the SK Safeguard Rotameter 
because... 

... Four Sizes of Tubes, each offering a different 
capacity, can be used in a single Rotameter. 

... Tubes Interchange Quickly—can be removed 
and replaced to meet changing conditions. 

... Exclusive Belled Ends of tubes, all having 
same inlet and outlet OD, permit standardization 
of end fittings and packings. No special tools or 
fittings needed. 

. .. Numerous Rotor Designs can be used within 
one meter tube to provide wide range of capacities. 

Where flow rates change frequently, as in pro- 
portioning dissimilar fluids, you'll find the SK 
Safeguard Rotameter outstandingly convenient and 
economical. Accurate, durable and safe, too, 
because... 

... Meter Case of Strong, Rigid Steel com- 
pletely encloses tube—protecting against external 
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shock, acting as a safeguard should tube break 
accidentally. 

... Heavy Gauge, Safety Glass Windows pro- 
vide excellent view of tube, rotor and scale. 

... Detachable Metal Reference Scale is clearly 
marked for easy reading —can be supplied in units 
of flow, or in millimeters for use with calibra- 
tion charts. 

... Bronze, Cast Iron or Stainless End Fittings 
are designed to permit connection to piping in 
any of four horizontal positions. 

... Non-leaking, Seated, Clean Out Plugs at 
top and bottom of end fitting permit rotor removal 
and tube cleaning without disassembly. 

... Packing Glands are adjustable from out- 
side of case by means of stainless steel capscrews. 


Get Your Free Copy of Bulletin 18-RG. It 

details operating principles, sizes and dimen- */ 
sions, construction features of SK's Safeguard 

Rotameter. Yours without obligation. 
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KLECTRONIC CONTROL SYSTEMS 


Phe electronic control system comprises an electronic con- 
version unit, a recorder or indicator, controller, and elec- 
tro-pneumatic transducer, Each element is discussed, as 
are cost factors, applications, and future potentialities. 
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Fig. |. A typical flow-control system. 


EMAND for more automatic 

operation of a given process 

with resulting requests for 
more accurate, faster, more depend- 
able instrument components, has giv- 
en us the present-day selection of 
methods of control. Pneumatic con- 
trollers have been refined to provide 
each advancement required by proc- 
ess designers. 
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Electrical operation of control sys- 
tems has long been recognized as an 
ideal solution to the problem of con- 
trol in large-scale operations. Its in- 
finite speed and sensitivity is now 
finding applications. Dependability 
of components has been proven in the 
vast communication and _ military 
fields. Present-day costs are compara- 
ble to pneumatic systems, and ullti- 
mately will be lower as can be seen 
from the histories of the television 
and radio markets. 

The electronic systems. available 
are similar in appearance to the pneu- 
matic type. Fig. 1 shows that a com- 
plete system has (1) a transmitter 
located at the point of measurement, 
(2) a recorder, controller, and man- 
ual panel in the control room, which 
is probably at a remote location, and 
(3) an electro-pneumatic transducer 
at the final control element. All trans- 
mission is accomplished instantan- 
eously in the form of electrical quan- 
tities. Corrective valve action occurs 
at the same instant that the slightest 
process deviation occurs. Sensitivities 
of an entire control loop have been 
checked to be in the order of one part 
in twenty-eight thousand, in custom- 
ers’ evaluation tests. 
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Electronic Conversion Unit 


The development of the electrical 
signal, the comparison with the de- 
sired value, and the modulation of the 
final control element can be accom- 
plished in a variety of ways. Fig. 2 
shows a conversion portion of an 
electrical transmitter. The variable to 
be measured is converted to a force 
by means of a diaphragm, bellows, or 
bourdon tube applied to lever AA at 
its lefthand end. This force causes a 
movement of lever AA about the ful- 
crum BB; this movement is trans- 
mitted and amplified through a se- 
ries of spring pivots until at lever HH 
a much larger movement results. The 
core of the differential transformer is 
attached to lever HH at LL and will 
move up and down within the coil of 
the transformer as the variable 
changes. 


Recording or Indicating 


Fig. 3 shows one method of record- 
ing or indicating the electrical signal. 
A servo-type device gives the best ac- 
curacy and the highest speed of re- 
sponse without instability. An am- 
plifier compares the transmitter sig- 
nal to another signal generated by 
the pen or needle position. This am- 
plifier produces an output which is 
directly proportional to the difference 
between the indication and the signal 
being received. 

This differential amplifier output is 
fed to a phase-sensitive rectifier which 
measures the magnitude of the dif- 
ference, while also indicating the 
higher of the two variables. This rec- 
tifier controls the power output of a 
power amplifier which, in turn, drives 
the pen or needle through a rotary- 





type solenoid. Due to the high am- 
plification of the electronic system 
there is considerable force available 
to drive the mechanism. 

The adjustable-response network is 
a feedback which reduces the amplifi- 
cation of the power amplifier at high- 
er frequencies so that pen or needle 
fluctuations can be eliminated when 
pulsations are present in the process. 


The Controller 


The heart of the system is the con- 
troller, although it is only as good as 
the signal it receives and the final 
control element it positions. Fig. 4 
shows one type of electronic control- 
ler. The signal received from the 
transmitter is compared to a desired 
value as received from a manually ad- 
justed setpoint unit. The difference 
hetween these signals is amplified as 
determined by the setting of a de- 
generative feedback network around 
the proportional amplifier. This ad- 
justment is comparable to proportion- 
al band used in pneumatic instrumen- 
tation. 

The phase of the amplified output 
signal is determined and its magni- 
tude is a measure of the difference. A 
phase-sensitive rectifier receives the 
amplifier signal and converts it to 
a d-c. signal of a magnitude propor- 
tional to the value of the input, and 
positive or negative with respect to 
ground corresponding to the polarity 
of the input. 

This output is fed into a rate ampli- 
fier (when rate action is desired), 
which is a 1:1 ratio unit when the 
input is constant. An adjustable feed- 
back network delays feedback during 
periods of changing input signals, 
causing a high amplification for an 
adjustable period of time, thereby 
providing a rate-action control func- 
tion. This resistor-capacitor feedback- 
network delay will gradually disap- 
pear and the amplifier will return to 
its 1:1 ratio. 

The rate-action-amplifier output is 
the input to a voltage and a power 
amplifier with an adjustable feedback 
network that supplies the reset action. 
This network provides high amplifi- 
cation with a steady-state or slowly 
changing input, and lower amplifica- 
tion on rapidly changing signals. It 











January Meeting: Thursday, 
the 27th, Los Angeles Harbor 
Junior College, Wilmington, Calif. 

Feature: J. G. Ziegler, Coast 
Engineer for Taylor Instrument 
Companies, will discuss “Instru- 
ment Man’s Position in Industry.” 
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Fig. 2. Differential-transformer-type electronic conversion unit, or transducer. 


provides the controller with an initial- 
ly wide proportional band for fast 
changes, which will slowly reduce it- 
self to a narrow proportional band as 
the process upset subsides. The time 
in which this occurs is adjustable by 
means of the reset calibration avail- 
able from the front of the controller. 
The final controller output is devel- 
oped completely electronically, with- 
out use of a moving part. 


Electro-pneumatic Transducer 

The diaphragm valve, like the pneu- 
matic controller, has advanced, To- 
day’s electronic systems recognize the 
present proven acceptability of this 
final-control element in the petroleum 
and chemical fields by utilizing elee- 


SIGNAL 
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tro-pneumatic transducers on the con- 
troller output to convert to the air 
pressure necessary to modulate such 
valves. Fig. 5 shows one of the de- 
signs of such a transducer. The con- 
troller output is wired to a moving 
coil in a permanent-magnet field. This 
coil is connected to a lever which 
transmits a force proportional to the 
controller output to an air portion of 
the unit. A diaphragm produces an 
equal force by changing the air pres- 
sure in the pilot section. This variable 
air pressure is imposed on a dia- 
phragm in the booster section to pro- 
duce a similar or higher air pressure 
in the large volumes necessary to 
move diaphragm motor valves rapid- 
ly. 
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Fig. 3. Electronic recorder or indicator. 
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Fig. 5. The electro-pneumatic transducer. 


A similar design can be tied into 
valve-stem travel to create an electro- 
pneumatic positioner. The self-pow- 
ered modulating valve operator (an 
electric motor or electro-hydraulic 
pump drive) has not had the intensive 
demand for refinement as has the dia- 
phragm unit and has lagged behind 
the needs of the industry. Now that 
control systems are available to util- 
ize operators of this type, some new 
developments are being released, and 
greater strides forward can be ex- 
pected in the future. Self-contained 
operators would eliminate the need 
for a centralized supply of motive 
power and the complicated distribu- 
tion systems now required in large- 
scale installations. 

Magnetic amplifiers are available 
for electric heating loads and elec- 
tronic motor speed controls for 
pumps, belt conveyors, and similar 
rotational applications. Strain gages, 
gas analysers, radiation pickups, cur- 
rent transformers, and a host of other 
specialized electronic primary meas- 
urement devices can provide signals 
to be indicated or controlled. 


Cost Factors 


One of the deterrents to the devel- 
opment and use of electronic instru- 
mentation in the past has been its 
high cost. Careful design of electron- 
ic transmitters and transducers have 
provided units which are suitable for 
Class-1, Group-D, Division-1 location, 
but have kept them completely avail- 
able for servicing and maintenance 
at the process installation. Transmit- 
ters can be set and weight-calibrated 
without being removed from their po- 
sition, Costs, even under limited pro- 
duction, are comparable to similar 
pneumatic types. 


Applications 


Electronic installations are now in 
full operation in refineries in this 
country. A graphic panel is installed 
on a Platforming Unit at Rock Island 
Refining Corporation in Zionsville, 
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Indiana. A console-type panel has 
been employed on the Catforming 
Unit at Atlantic Refining Company 
in Port Arthur, Texas. Another elec- 
tronic process has been installed and 
checked at a west coast oil company, 
although complete operation of this 
unit will not be obtained until con- 
struction work on other portions of 
the installation is completed this fall. 
Other units are now in various stages 
of construction. 

A petroleum pumping company has 
two electronically controlled pump- 
ing stations in operation at the pres- 
ent time, and five more under con- 
struction. This company felt that elec- 
tronic instrumentation was more suit- 
able than the pneumatic counterpart 
because the pumping stations are op- 
erated remotely and are not fully at- 
tended by an operator. They believed 
that the most automatic operation 
could be accomplished by means of 
electricity. (Manufacturers of regu- 
lating valves now offer electric-motor 
and electro-hydraulic valves which 
would prove more suitable for boost- 
er pumping stations because they 
would eliminate the cost of air com- 
pressors and their associated equip- 
ment. ) 

Trained personnel were available 
for electronic equipment because of 
the microwave system used for voice 
and signal transmission in the pe- 
troleum transportation system, Each 
station consists of four pumps which 
are started and stopped remotely. A 
regulating valve is installed in the dis- 
charge line of each station. A down- 
stream pressure controller positions 
this valve if the station discharge 
pressure reaches the maximum oper- 
ating limit. This controller can be 
over-ridden by a suction pressure 
controller which will reduce the 
throughput to a value which will 
maintain the minimum station suction 
pressure to the pumps. Each motor- 
driven pump is equipped with a motor 
current adapter unit which receives 
the output of a current transformer 
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in the motor circuit. These adapters 
and their controllers can over-ride 
the suction and discharge pressure 
system and position the discharge 
valve, thereby eliminating the need 
for the operator’s presence when 
pumps are started or motor overloads 
occur. A comparable pneumatic over- 
ride system would not be as economic 
or as fundamentally simple as this 
electronic solution. 

Most of the pipeline stations built 
within the last few years could bene- 
fit from complete or partial electronic 
control. 


The Future 

We have seen that electronic instru- 
mentation can provide all the features 
demanded in present-day pneumatic 
control. We can logically ask: “What 
more can electronics provide”? How- 
ever, the present advantages should 
not be overlooked. The sensitivity and 
speed of response of an electronic 
control loop adds stability to the 
process, which can result in higher 
product quality and easier operation. 
For instance, the Platforming Unit at 
Rock Island Refining Company was 
put on the line easier and more quick- 
ly than any of its many predecessors. 

Flexibility of adding, subtracting, 
cascading, ratioing or over-riding 
electrical signals opens new methods 
of accomplishing an end result which 
was prohibitive before electronic con- 
trol advanced to its present state of 
development. 

The immediate future will bring 
many more advantages. Today’s elec- 
tronic systems are being applied to 
installations designed for slower in- 
strumentation. Frequency-response 
data on process components and con- 
trol-system engineering are reducing 
the flywheel effects designed into new 
units, and electronic systems with 
their 10-cycle-per-second response 
make the original investment savings 
greater. It is entirely possible that the 
present-day pneumatic-controller 
functions of proportional band, reset, 
and rate action may be amended and 
expanded to a new field of electronic- 
control functions more suited to fu- 
ture control problems. 

Data-reduction units for gathering 
process variable values and tabulating 
them automatically at set intervals of 
time are entering the petroleum field 
today. They are electronic devices 
which require electronic signals and, 
therefore, electronic instrumentation. 

The inherent advantages of instan- 
taneous response, low cost, great flex- 
ibility, and high accuracy of elec- 
tronic systems will produce an ever- 
widening utilization of the electronic 
approach to process control in the 
petroleum, chemical, and allied fields, 
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The IQ of an instrument man is very different from that of most 
people—and, as all instrument men know—much higher. It does 


not even stand for the same thing—the IQ of an instrument man 
is his INSTRUMENT QUOTIENT. The answers to every question 
are to be found in the editorial matter and articles in this issue, 
and answers are given on page 1984. 


Question 1 


The unexpected but bas- 
ic advantage of electronic 
controllers revealed by the 
Rock Island installation is 

(a) no air lines to 
freeze up in cold 
weather 
easier and cheaper 
maintenance re- 
sulted 
(c) higher rate-re- 

sponse settings 
could be used 
(d) all the above 


(b 


— 


Question 2 


In diffraction gratings, 
the term “blaze angle” re- 
fers to the angle between 
the grating normal and 
the 

(a) normal to the 

groove face 

(b) normal to angle of 

incidence 

(c) angle of diffraction 

(d) angle of refraction 


Question 3 


Basic advantage of an 
inductive commutator over 
brush-and-slip-ring com- 
mutators is that the in- 
ductive commutator 

(a) is independent of 

exciting field 


strength 

(b) has less wear prob- 
lems 

(c) uses simpler cir- 
cuitry 


(d) all the above 


Question 4 


The most-advanced type 
of machine for contempo- 
rary automaticity in the 
machine-tool industry is 
the 

(a) single-station com- 

bination-tool ma- 
chine 

(b) dial-type multiple- 

station machine 

(c) trunnion-type mul- 

tiple-station ma- 
chine 

(d) transfer machine 


Question 5 


The chief problem exist- 
ing in machine-tool auto- 
mation is 

(a) down time due to 

tool changing 

(b) transfer of pieces 

between stations 

(c) automatic inspec- 

tion devices 

(d) size of index tables 


Question 6 


The binary number 1111 
is equivalent to the deci- 
mal number 

(a) 4 

(b) 8 

(c) 15 

(d) 30 


Question 7 


The binary number 100- 
001 is equivalent to the 
decimal number 


(d) 65 


Question 8 


The sum, in binary form 
of the binary numbers 
1111 and 100001 is 

(a) 101111 

(b) 110000 

(c) 111111 

(d) 111100 


Question 9 


The binary number 110- 
000 is equivalent to the 
decimal number 

(a) 48 

(b) 96 

(c) 128 

(d) 256 


Question 10 


The product of the bi- 
nary numbers 1111 and 
100001 is, in binary form, 

(a) 101110 

(b) 1111110 






(c) 1 
1 


111 
(d) 111101111 


Question 11 


The binary number 11- 
1101111 is equivalent to 
the decimal number 

(a) 35 

(b) 70 

(c) 140 

(d) 495 


Question 12 


A diode matrix is a de- 
vice that 

(a) activates one line 
or lead out of a 
group 

(b) activates one flip- 
flop out of a group 

(c) uses diodes to am- 
plify 

(d) uses a matrix to 
amplify 


Question 13 


An unsolved problem in 
stream-pollution control, 
and one for which instru- 
ments are not available, is 
measurement of 

(a) probable number of 

coliform organisms 

(b) biological oxygen 

demand 

(c) dissolved oxygen 

concentration 

(d) suspended solids, 

total and volatile 


Question 14 


In the NBS turbine- 
blade temperature teleme- 
ter, the function of the 
movable magnetic strip is 
to induce a signal in 

(a) one output coil 

(b) one syne coil 

(c) all output coils 

(d) all syne coils 


Question 15 


In the NBS turbine- 
blade temperature teleme- 
ter, the 160-ke. gated oscil- 
lator is gated by the 
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(a) peak detector 
(b) syne coil 

(c) input coil 
(d) output coil 


Question 16 


In the NBS turbine- 
blade temperature teleme- 
ter, the output voltage is 
made independent of the 
excitation voltage by us- 
ing a 

(a) ratio-type measure- 

ment 

(b) regulated supply 

voltage 

(c) 160-ke. oscillator 

(d) resistance ther- 

mometer 


Question 17 


In the NBS turbine- 
blade temperature teleme- 
ter the function of the 
sync coils is to 

(a) synchronize the 

speed of the turbine 

(b) select one channel 

(c) calibrate the instru- 

ment 

(d) couple the output to 

the voltmeter 


Question 18 


The term USP as ap- 
plied to chemicals and re- 
agents refers to 

(a) U. S. Pharmaco- 

poeia 

(b) Underwriters 

Standard Purity 

(c) U. S. Purity 

(d) Underwriters 

Standard Pharma- 
copoeia 


Question 19 


The term NF as applied 
to chemicals and reagents 
refers to 

(a) Nonpurified Formu- 

lation 

(b) Nonviscous Formu- 

lation 

(c) Nonanalytical 

Formulation 
(d) National Formulary 


Question 20 


Basic feature that limits 
size of dial-type and trun- 
nion-type multiple-station 
machines is the indexing 
error associated with 

(a) large-diameter 

tables and trunnions 

(b) gaging-technique 

limitations 

(c) time to change tools 

(d) all the above 





December 1954-Instruments & Automation Page 1965 








ST1e1s... 





Instruments 





Balancing M achine 


Dynamic unbalance occurs at more than one point and 
can only be detected when the part is rotating. This un- 
balance is expressed in terms of ounce-inches for each of 
two perpendicular planes (left and right) located some 
distance apart. Correction is made separately in each of 
these planes. The result is a rotating part which is dy- 
namically balanced. 

A balancing machine provides a means to determine both 
the amount and angular location of the resultant forces 
stemming from unbalance. Balance is then achieved by 
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either adding or removing the equivalent of the indicated 
weight at the known location(s). 

Basically, the Electodyne is a two channel amplifier 
which is actuated by the signal received from the Velocity 
Pick-Up for the plane of correction selected (left or right). 
This signal is proportional to the unbalance forces exerted 
by the work piece. 

The first, or amount channel, rectifies the signal and 
visually indicates it on the Amount Meter which is gradu- 
ated from 0 to 100. This is an accurate indication of the 
amount of unbalance, which can be directly translated into 
terms of ounce-inches of unbalance or any convenient 
equivalent. 

Simultaneously, the second or angle channel forms the 
same signal into a single pulse and indicates the phase 
displacement between this pulse and a reference pulse 
generated on the machine spindle. This value, shown di- 
rectly on the Angle Meter (graduated from 0-360°), is 
an accurate indication of the angular lovation of the 
resultant forces causing the unbalance in the selected 
plane of correction. (From new 24-page Bulletin 49, Tinius 
Olsen Testing Machine Co., Willow Grove, Pa.) 
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Diffraction Gratings 


The problem of ruling diffraction gratings is an old 
one. For more than 130 years, men have tried to rule 
the large number of straight, equally spaced, parallel 
lines required to form a grating. The names of Fraun- 
hofer (1821), Nobert (1846), and Rutherford (1870) 
are mentioned among those who first ruled small grat- 
ings. Rowland, at Johns Hopkins University, working 
in the period from 1882 to 1901, was the first person to 
succeed at the task of ruling high quality gratings. In 
addition to plane gratings, he invented and ruled the 
first concave gratings, which were to be so useful for 
many types of spectroscopic work. 

In the twentieth century many people have attempted 
to rule gratings with varying amounts of success. A very 
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CROSS SECTION DIAGRAM OF DIFFRACTION GRATING 
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small proportion are able to rule satisfactory gratings 
100mm or more in width. Of these, only those at Johns 
Hopkins University, Mt. Wilson Observatory, and Bausch 
& Lomb Optical Co. can now produce high quality grat- 
ings with 175mm or more of ruling with high resolving 
power, 

The problem was solved by constructing an underground 
grating ruling laboratory equipped with very precise 
temperature control and modern vibration isolation. This 
installation has been successful in maintaining the ruling 
engine temperature constant to better than + 0.01 C for 
periods exceeding 2 weeks, while the maximum amplitude 
of vibration of the ruling engine is less than 1/40 of a 
micron, (1/10 fringe). ... More than 5 years of work 
have been performed on the ruling engine. 

Modern diffraction gratings are blazed by controlling 
the groove face angle so as to concentrate the spectral 
energy in the desired region of the spectrum. 

The resolving power of a grating is a measure of its 
ability to separate two spectral lines with a very small 
wavelength difference existing between them. (From new 
22-page Brochure D-261, covering history and principles 
of gratings, Bausch & Lomb Optical Co., Rochester 2, 
N.Y.) 
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Paper Electrophoresis 


Paper electrophoresis supplies another dimension to 
chromatography in general by utilizing the differences in 
electrical mobility of chemical substances. These differ- 
ences permit separation of compounds which have like 
chromatographic behavior due to similarity of their parti- 
tion coefficients and adsorption. 

Generally in procedures for paper electrophoresis a 
small sample containing the compounds to be resolved is 
applied to a strip of buffer-saturated paper. The paper 
strip is placed over a support with its ends immersed in 
electrode vessels containing buffer solution. The pH of the 
buffer is adjusted to effect the desired migration of the 
compounds to be separated and at the same time to pro- 
vide an electrolyte for carrying a potential. This potential] 
is applied to electrodes located in the vessels containing 
the buffer solution. Under the influence of the voltage 
gradient, compounds applied to the paper will migrate 
at rates relative to their charges. At the end of a given 
time interval the current is disconnected, the paper re- 
moved, and the separated zones located and identified by 
some one of the conventional procedures used in paper 
chromatography, iLe., spraying with ninhydrin for amino 





That is the speed at which the latest steam catapult launches a jet fighter. Such speed 
requires precision and split-second action to control the temperature and pressure of 
the steam which drives the catapult. Hagan Automatic Control has been chosen for 
this important function. 

This is just one of the many specialized applications for which versatile Hagan 
control systems are ideally suited. A few recent applications of Hagan Automatic 
Control to aeronautical and automotive test facilities are listed below. 


e Automatic control systems for subsonic and 
supersonic wind tunnels, 


¢ Automatic control systems for accessory and 
component test facilities. 


e Automatic control systems for steady state, 
blowdown and trajectory tests in turbojet, 
turboprop and ram jet test facilities. 


¢ Automatic control systems for burner stands. 


e Automatic control systems for parallel and/or 
series operation of blowers and exhausters. 


¢ Programmed control systems for simulated 
flight conditions and trajectory tests. 


e Automatic controls for gas turbines. 


¢ Automatic control of pressure, pressure ratio, 
temperature and mass flow. 

e Direct reading mass flow meters for both air 
and fuel, with automatic correction for vati- 
able pressure, temperature and density. 

¢ Automatic resolution of multiple wide range 
correction factors into a single correcting 
signal. 

¢ Measurement and control of gas flow, with 
automatic correction for pressure and tem- 
perature variation. 

¢ Jet engine and rocket thrust measurement. 

e Portable thrust stands for aircraft thrust 
measurement. 


HAGAN CORPORATION 


HAGAN BUILDING, 


| 


PITTSBURGH 30, PENNA. pape 


BUROMIN 
CALGON 


AERONAUTICAL AND SPECIAL PRODUCTS DIVISION 
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Barcol. 


Small Motors 


maintain tension of 
film logs on Halliburton 
surveying trucks 


sepia imaaimallaal pr ae 


BARBER 
COLMAN 


To show underground characteristics of oil 

wells, graphic records are produced on trans- 

varent film by field trucks of Halliburton 

Phe trical Well Services, Duncan, Oklaho- 

ma. Four Barcol type GYAZ and OYAZ 

reversible motors maintain correct tension 

on the films which are used in this process. For reliable, positive 
powering of your recording mechanisms or instruments, too, 
there's a wide line of khigh-torque Barcol Small Motors up to 1/20 
hp. Unidirectional, reversible, and synchronous ... with or with- 
out gearing... open or enclosed. Write for data, 


BARBER-COLMAN COMPANY, DEPT. L, 1215 ROCK ST., ROCKFORD, ILL. 
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“IN-STOCK” SERVICE ON FAMOUS 
SPHINX BRAND MICRO-DRILLS 


High speed drills 
for small holes. 
Sizes from 

.08 mm (.003”) to 
1.0 mm (.040”) 
carried in stock, 
in increments of 
01 mm (,0004”). 


Sphinx brand micro-drills used 
throughout the world for many 
years for all fine watch and in- 
strument work. 








These precision drills are available 
in two styles, flat pivot drills or 
spiral fluted drilis. They are made 
with concentric oversize shanks. 
Because of their rigidity they are 
especially useful in all types of drill- 
ing equipment. 


Send for Bulletin N 
listing sizes and prices 
of stock drill sizes and 


micro-drilling equipment. 
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acids, p-anisidine for carbohydrates, dye stain for pro- 
teins, ete. (From new 16-page Catalog AC-54, Schaar & 
Co., 754 W. Lexington St., Chicago 7, Ill.) 
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Reagents and Chemicals 


Definitions of Quality: “Baker Analyzed” Reagent de- 
fines chemicals of the highest quality. ...CP defines 
chemicals of high purity which do not meet the stringent 
requirements for the Baker Analyzed Reagent label... . 
USP and NF define chemicals which conform to the re- 
cuirements of the current U. S. Pharmacopoeia and Na- 
tional Formulary respectively. ... Purified defines chem- 
icals of good quality in the absence of official standards. 

. Technical defines chemicals of selected commercial 
quality, physically clean and of reasonable chemical purity. 

Here is a list of the principal bulk chemicals . . . sup- 
plied to industry in tonnage quantities. . . . Acetic acid, 
Acetophenetidin . . . Acetylsalicylic acid ... Aluminum 
hydroxide ... ete. 

Many thousand of dollars can be saved if the proper 
care is exercised in storing chemicals. Chemicals affected 
by extreme temperatures are listed... . (From new 244- 
page “Specification Catalog,” J. T. Baker Chemical Co., 
Phillipsburg, N. J.) 
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Photoelectric Trace Recorder 
The Photoelectric Tracing Recorder is a novel recording 


instrument producing an immediately visible, continuous 
record of light-pointer movements on ordinary paper with 


a Fig. 1 
is 
FIN FFT 


'< 





























6 
a useful face 180 mm (7% in.) wide. The Tracing Re- 
corder is used in conjunction with a mirror-galvanometer 
to record minute currents and voltages. 

The principle of the instrument is shown in Fig. 1 where 
I, denotes a pencil of light hitting a CdS crystal cell Z. 
The photoelectric current generated by the cell governs the 
amplifier V driving the motor MI with its spindle Sp 
which moves the tracing unit incorporating the cell and 
the capillary pen. (From 4-page form List 47/54, Federal 
Tel & Radio Co., 100 Kingsland Rd., Clifton, N. J.) 
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Electric Heat 


Problem of making a paint baking oven adaptable to a 
wide variety of parts is one frequently encountered in 
metal finishing operations. Here was the situation faced 
by an instrument manufacturer: a wide assortment of 
parts has to be finish-baked, there’s little volume in any 
given one, and a high quality finish must be maintained 
on all. 

The job was previously done by air-drying the painted 
parts. Naturally, this was found to have drawbacks- 
drying time varied widely with different parts, sizes and 
paint formulas; a large amount of space was required 
for stacking; and, of course, production crawled... . 
Then, enlisting the aid of automatic electric heat, the 
company built a highly flexible oven to handle a wide 
range of parts in production quantities. The oven is the 















recirculating type. Two Chromalox Electric Air Blast | 
Heaters, selected because they are so readily adaptable to 
air duct installations, were placed in the oven plenum 
chamber. With a capacity of 20 kilowatts each, they sup- 
ply uniform heat to the air and thus throughout the oven. 
(From new 4-page issue No. 54 of “Chromalox News,” 
Edwin L. Wiegand Co., 7500 Thomas Blvd., Pittsburgh 
8, Pa.) 
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Capacitance Meter 


Instrument KKH measures the shielding factor ca- 
pacitance C12 between two terminals (1 and 2) in the 
range from 3 x 10+ to 30 uuf. It also measures ground 
capacitance C20 or... C10. In practice most objects are 







SAVE. . They're Designed 
and Tooled to YOUR Needs ! 


You, too, can save assembly time 
and money with the greater accu- 
racy of these better Stamped Gears! 
Critical buyers, near and far, are 
profiting from our skilful tooling, 
stamping and assembly methods. 
Cut costs..step up production..im- 

rove product performance. Spec- 
ify Stamped Gears by WINZELER! 


SEND FOR free Stamped Gear tech- 

nical data. Useful tables 
and descriptions included. Or, get ideas, 
samples, estimates, on production runs. 


Write today! Use company stationery. 


WINZELER MANUFACTURING & TOOL CO. 


1712 WEST ARCADE PLACE, CHICAGO 12, ILLINOIS 





























measured as shown in Fig. b... constituting the shielding 
factor capacitance. ... An important case is the determina- 
tion of the shielding factor capacitance of tubes. With this 
instrument the capacitances between any electrodes of the 
tube... can be measured. (F'rom new 160-page loose-bound 
catalog presenting complete line of Rohde & Schwarz 
a-f. and r-f. instruments, Federal Tel. & Radio Co., In- 
strument Div., 100 Kingsland Rd., Clifton, N. J.) 
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Expanded-scale Voltmeter 


This general purpose Expanded Scale Voltmeter fills a 
long-standing need. It enables high voltages to be read ac- 


ULTRA-CHEX GAGE BLOCKS 
for Every Need! 


Supplied in one Superior Accuracy 


a 
5 MILLIONTHS +. ACCURACY 
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82 BLOCK SET... $275.00 x ; 

9 BLOCK SET Code GHEYS ta Cove If it’s a pressure gauge or dial ther- 

: sta "$2250. ee Se aes dk et aoek to Game mometer, Marsh makes it... and makes 
Opt. Peralle! $5.00 Extre block poe Bane it better. The types, ranges and case styles 

Code GADFO IMMEDIATE DELIVERY are endless. What is “special” to other 

Write for Illustrated Folder — Code GINVU instrument makers is often standard to 








Marsh. To know the scope of Marsh 
instruments— 













“Lustre - Chrome MICROMETER 










Write for 
this 

fact-filled 
catalog 













Reading with the New _ 
“Lustre - Chrome” 
MICROMETER 


MEASURE TO 
1/10,000th 
as ——- = well- _” This tool with TUNGSTEN CAR- 
in ines on : F 15, 
dull chrome surface for easier and surer se = Sn C > 5.75 
reading, even in poor light. ” 
Guaranteed accurate with- — Drop-forged model with chrome 
in one half of a ten thou- finished micrometer head from 
sendth of an inch. $8.25 up. 
Ask for Micrometer Catalog -Code GINWY 


GEORGE SCHERR CO., Inc. 


COMPLETE -LINE OF PRECISION INSTRUMENTS 


200-S eee ST. ¢ N.Y. 12, N.Y. 
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No. 901C 
| 0-1" Size with LOCK NUT 
| and RATCHET ond 
| 10th Vernier § 
es shown 

Code GHAEF 


























































MARSH INSTRUMENT CO., 

Sales affilicte of Jos. P. Marsh Corporation, 

Dept. 42, Skokie, Il. Export Dept., 3501 Howard St., Skokie, Ill, 
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QUALITY 
conTROL W 


OPTICA 


Check, Measure, 
inspect with the 


COMPARATOR 


Linear Dimension 
Angles, Radii, Diameters 
Steck We. 30,061-AM stpd complete with 
pstp leather case 


Instant direct measurement of small parts, mechanisms, irregular items, soft 
tubber, stains, deposits, textiles! Linear dimensions in decimal inches and 
millimeters. Holes to 005’ diameter! 6-power magnification. Triplet lens for 
wide, flot field, accurate to edge. Clear plastic base admits light. Cell 
enodized metal. Focus adjustment. 


DIRECT MEASURING MICROSCOPE 


Industrial-type microscope and base with adapter 
for taking any make pocket comparator. Compor- 

‘ otor locks in ploce 
with one adjustment, is 
easily removed for use 
alone. Provides e-ect 
image of object and 
reticle, no reversal of 
movements as with 
ordinary laboratory 
microscope. Working 
distance under objec 
tive 5/2"’. Rack and pin 
ion focusing, variable 
tension, lock. Scope 
swings 360°, bracket 
allows flexible ar. 
rangement. Chrome 


STOCK NO, and gray wrinkle finish. 
10,049-AM 
17528. 


Open account to rated firms or 
send check or M.O. 


WE GUARANTEE SATISFACTION 


or money refunded in full 


1/2''x2"' Approx. 


illuminator 
For Comparator 
. . Any Make! 


Light up the object to 
be meosured. Tiny bulb 
in ring throws light on 
object os well as on 
reticle. Pen light bot- 
feries in handle pro- 
vide current. Use it in 
dark corners, inside 
machines, etc. 2 bat- 
teries & bulb included. 
Stock No ¢ 
so.o7e-am 193.4 


SEND FOR CATALOG! 


Huge selection of lenses, prisms, 
wor surplus optical instruments, parts 
ond accessories. Telescopes, micro- 
scopes, binoculars. Hand spectro- 
scopes, reticies, mirrors, Ronchi 
rulings, dozens of other hard-to-get 
optical items. America’s No. | source 
of supply for research labs, engi- 
neers, scientists, inventors. 


Ask for catalog AM 
EDMUND SCIENTIFIC CORP., BARRINGTON, N. J. 
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controls two 
independently set 
load circuits 


eliminates auxiliary 
load switches 


safely reverses machinery 
and process drives 


“Duo-Set” permits free use of 
entire dial range for individual 
setting of on-off repeat 

cycling for two separate load 
circuit operations. In motor or 
process reversal, an easily- 
adjusted dwell = prev ents” 
motor damage from premature 
field reversal. Dial ranges up 
to four hours, with settings 

as low as 4 second, 15-ampere 
load capacity at 115, 230, and 
160 volts a-c non-inductive. 
Send for Bulletin N-80. 
Automatic Temperature 
Control Co., Ine., 

5224 Pulaski Ave., 


Philadelphia 44, Pa. 


“DUO-SET” 
DIAL 
TIMERS 


Represented in Canada by: Powerlite De- 
vices, Ltd. Toronto, Montreal and Vancouver 
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curately to +0.25% of input voltage. Any voltage from 100 
to 500 volts may be read in 39 10-volt full scale steps. 
(From new 4-page Bulletin 101, Arga Div., Beckman Instru- 
ments, 220 Pasadena Ave., S. Pasadena, Calif.) 
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Transistor Audio Oscillator 


For several years, the General Radio Company has 
carried on an experimental development program in trans- 
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istor circuits and their applications. The first instrument to 
result from this program is the Type 1307-A Transisto1 
Oscillator, a pocket-size source of test voltage at 400 and 
1000 cycles. ... The circuit is equivalent to a Hartley oscil- 
lator circuit. (From new 8-page Vol. 29, No. 3 issue of 
“Experimenter, General Radio Co., Cambridge, Mass.) 
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ENGRAVES 


witha a 
GREEN 
ENGRAVER 


PLATES 


Mark your own symbols, 
numbers, lettering, on your 
parts, tools, identification and name , 
plates .. easily, simply, quickly . . tracing 
from a master with the GREEN ENGRAVER. — ; 
Widely used in electronic and plastic fields, in machine 
tool shops and wherever permanent marking is needed. 
The GREEN ENGRAVER engraves equally well on metals, 
plastic, wood, hard rubber and glass. 
Routs Models Profiles Engraves — 
Etching attachment and other special equip- 
ment for industrial uses are available 
Fact-filled folder on request 
showing how economies 
in costs, labor and 
time are achieved 7 
with the GREEN 
ENGRAVER, 


_— 
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New- princi ple Micrometer 


Variation of the linear dimension being measured pro- 
duces a change in capacitance by altering the gap between 
the work and the pickup plate. . . . Conversion of capaci- 
tance variation tu electrical signal is accomplished through 
the use of a new and unique transducer element... The T-42 


Ionization Transducer is a small glass capsule filled with 
noble gases under reduced pressure and is excited by a regu- 
lated RF source. ... The d-c. signal developed by the trans- 
ducer is applied to a differential circuit. This circuit pro- 
vides an output to the indicating meter of 400 microamps 
per volt of input signal. ... This unit develops an output 





me 


WHAT'S YOUR 
METERING 
PROBLEM... ? 


BUILDERS can help you, whether your metering problem involves 
slurries, corrosive fluids, collodial solutions, trade wastes, air, steam, 
gases, or water. High pressures, high temperatures, minimum pres- 
sure losses — these and other job conditions are readily solved by 
Builders Flow Nozzles and Tubes. Our standard designs answer all 
types of metering requirements. Units are available in special 
metals or with Saran lining for corrosive applications. 

Address “Nozzles and Tubes” for complete information. 


Builders-Providence, Inc. (Division of B-I-F Industries, Inc.), 
422 Harris Ave., Providence 1, Rhode Island. 


© yLDERS-PROVIDENCE 


DIVISION OF B-I-F INDUSTRIES, INC Dito: 


fetores 





CAMBRIDGE 
pH INDICATORS 
and RECORDERS 


Labor saving—profit producing! 


In addition to portable pH meters 
Cambridge makes line-operated Direct 
Reading pH Indicators and Recorders 
for permanent installation. They are 
stable and assure continuous 

free performance. Either 

Indicator or both, may be 

iny reasonable distance 

r several sampling points 

ss Electrodes are placed in 


or-tight housings of clog-free san 


Send for Bulletin No. 910 T 
Single-Point 


tsi chert Assen CAMBRIDGE 
pH EQUIPMENT 


CAMBRIDGE INSTRUMENT CO., INC. 


3742 Grand Central Terminal, New York 17 


“PIONEER. MANUFACTU, 
*OF PRECISION INSTRUM 
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Oxygen-gas CROSS FIRES 
for more Heat Intensity 
and Concentration 





AGF 


Oxygen-Gas 

Burner Equip- AGF Oxygen-Gas Burner 
ment is used Equipment has been 
where the temperature, approved by the New 
heet intensity or flame con- York City Board of Stan- 
centrati btainable with dards and Appeals 
ordinary Air-Gas Equip- Cat. No. 391-43SA. 
ment is insufficient to pro- . 

duce satisfactory results. 





WRITE FOR COMPLETE 
BURNER CATALOG 


AMERICAN GAS FURNACE CO. 


988 LAFAYETTE STREET, ELIZABETH 4,N. J. 
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ROU vat 


DOUBLE VALUE 


CONO AIRPAK 


—REGULATES 
—FILTERS 


LAR CAPRLITY 
PORT! 


IN A SINGLE UNIT 


The advantages of a high 

quality large capacity 

reducing valve with safety 

relief, and an efficient air filter, are combined in a 

single compact unit, Save s a and installation costs 

by eliminating the use of separate units. Pressure 

gauge can be mounted inte a ceil Construction is 

rugged, corrosive resistant and long lasting. Available 

in a variety of ranges and dripwell capacities for 

production equipment, instruments and controls, 

sprayin equipment, and pneumatic gauges. Write for 
BULLETIN  H.-1. «to get full details. 


CONOFLOW 
CORPORATION 
2100 ARCH ST. 
PHILADELPHIA 3, PA. 


») . 
Con trl 





\ 


¢oe8 Oe Baton 


SELF 
GENERATING 


SELENIUM 
MOUNTED & 
UNMOUNTED 
TYPES AVAILABLE 


INTERNATIONAL RECTIFIER 
Pe ORR ORM Fie ee 


ORegon 8-6281 
3889 
Plaza 5-8665 


- Phone 
Franklin 2 


1521 £. Grand Ave, £1 Segundo, Calif 
CHICAGO: 205 W Wacker Drive - Phone 
NEW YORK: 501 Madison Avenue - Phone 
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signal of approximately 10 volts per micromicrofarad change 
in capacitance. (From new 2-page Data Sheet 103-1, Decker 
Avation sind 1361 Frankford Ave., Phila., Pa.) 
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Manufacturing Control 


In IBM Accounting, facts are recorded on IBM cards in 
the form of punched holes. The preparation of records and 
reports by automatic IBM Accounting Machines actuated by 
these cards is today’s most effective method of meeting the 
requirements of modern record-keeping. . . . Daily reports 
of progress against a schedule, in order number sequence, 
are machine prepared from the Final Assembly Control 
Cards. These report the start of completion of key assembly 
operations. . . . IBM Indicating Clocks, Attendance Time 
Recorders, Time Stamps, and Job Cost Recorders may be op 
erated in IBM Self-regulating Time Systems or as units 
independent of a master control. The functioning of utili- 
ties may be automatically programmed, providing for con- 
siderable savings in consumption. (From new 32-page book 
let Form 32-5608-1, International Business Machines Corp., 
590 Madleon Avs... N.F. 32, N.7. 

For this literature circle 41 


Glass 


These are the properties which make glass so versatile: 
can be formed into complex shapes—with low tooling costs 
. permits precision finishing . . . high chemical stability 
. great mechanical strength . .. excellent optical proper- 
ties ... high heat resistance . smooth, durable surface 
. high dielectric strength . .. dimensional stability and 
controlled coefficient of expansion. Lead glasses: ideal for 
electronic applications (oscilloscope-tube bulbs, ete.) be- 


MAKE QUICK, ACCURATE 
MEASUREMENTS pintusio 


POCKET /0S=%: a N 
COMPARATOR ieee’ 
Only i\\Siee 
$22. ~ hs Check lengths, diameters, 


angles and radii without 
POSTPAID COMPLETE WITH focusing. Six power. High- 
GENUINE PIGSKIN CASE 


est quality, lowest price 


Guaranteed accurate 


MEASURING 
MICROSCOPE 


Only 
$7.95 i355 


15-DAY FREE TRIAL. ORDER TODAY DIRECT 
OR SEND FOR COMPLETE INFORMATION 


i> INTERNATIONAL DEVELOPMENT COMPANY 


1 South Reed Street, East Riverton, N. J. 
DEALERS INQUIRIES INVITED 
e informat rcle 86 on ir 


This 50 power pen-size measuring 
microscope permits measure- 
ments up to 1/10’ by .001” 
divisions. Estimates to 

0005” can be 

easily made 





No focusing. 

Lensic reflector 

increases illumina- 

tion of field. Precise 
but rugged 





cause of their electrical chara*teristics. Borosilicate glasses: 
heat resisting, low coefficient of expansion; used for fresnel 
spot-light lens and other lens applications. Lime glasses: 
general use, low cost, fired colors; applications—battery 
cover, car light lens, etc. (From 8-page brochure “Custom 
Glass,” The Lancaster Lens Co., Lancaster, Ohio.) 

For this literature circle 412 on inquiry card 


Position-sensitive Transducer 
The Metrisite is a position-sensitive transducer .... may 


be used with most AC resistance bridge measuring instru- 
ments such as the Foxboro Resistance Dynalog. 


i AC Supply J 


(—> 
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Signal Output 
The basic structure consists of three coils disposed upon 
the three legs of a laminated magnetic structure. In the 
central leg there is an air gap and in this air gap a loop of 
conducting material is free to move. 
A voltage is induced in the coils on the outside legs, this 


NO | a data recording tape 
that’s guaranteed 
DEFECT- FREE/ 


e 
Type EP audiotape provides the 


EXTRA PRECISION that you need for 


dependable magnetic data recording 


ype EP Audiotape is 

manufactured and 
tested to meet the most 
exacting standards of 
quality, uniformity and 
freedom from dropouts 
or surface imperfections. Subjected to repeated checks on an 
automatic defect counter, it is guaranteed defect-free! 

Packed in Polyethylene bags and magnetic-shield metal cans. 
Available on cellulose acetate base (114 mil) or Mylar* polyester 
film, in 1, 144 or 2 mil base thickness. Standard widths from 
14 inch up —to your specified tolerances. 

Send for 


AUDIO DEVICES, Inc. fiisiran 


Y No. 207 


*Du Pont Trade Mark 


444 Madison Ave., New York 22.N 
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throw out obsolete texting 


Cut Production Rejects and Re-work 
as much as 47% 

Streamline Preventive Maintenance 
Speed Up Trouble Shooting 

with Triplett Model 630 

Streamline Volt-Ohm-Mil-Ammeter— 
quick, accurate checks on voltage, 
current and resistance 

Uses minimum bench space—3-7/32” 
5-1/2”—only 4 Ibs.—completely 
portable for all preventive 
maintenance and 

electrical trouble shooting 
laboratory instrument precision 
Operation is completely streamlined 
one switch for both circuit and 
range selection 


33 RANGES 


r 


o—_ a 
ELECTRICAL 
INSTRUMENT 
COMPANY 
Biuffton, Ohio 
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MARSHALLTOWN 





DIAPHRAGM 


GAUGE 


For Accurate Pressure 
Measurement in 
Ounces or Inches 

of Water 





Available in standard 
dials (reading in inches 
of water) 0-15" -0-30" 
-0-60" -0-100" -0-160" 
. « . also in ounce grad- 
vated dials from 15 
ounces to 5 pounds. 
2", 32" and 4!" 
dial sizes mounted in 
black enameled steel 
case. 


MARSHALLTOWN MANUFACTURING CO. 


MARSHALLTOWN 3, IOWA 
TT a ES MRR EE SIO BEREAN VA eM HL 


le 89 on inquiry card 


Marshalltown Figure 83 is an extremely 
sensitive gauge that uses a carefully 
seasoned bronze diaphragm to ac- 
curately measure very low pressures 
It is used extensively on many types 
of natural gas installations for checking 
low pressures. 


Write for details and price. 
LOOK TO MARSHALLTOWN FOR 
ONE OF THE MOST COMPLETE LINES 
OF INDICATING PRESSURE GAUGES 

ADE! 











For more information cir 
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EQUIPMENT LASTS LONGER 
--- PERFORMS BETTER... 
when the 


ARIDIFIER 


SCRUBS, CLEANS AND DRIES 
On Air and Gas Lines 


LASTS LONGER because... 

The Aridifier’s patented centrifugal-baffle 
action traps 92% of all dirt, oil, scale and 
water in gas or compressed air... and 
drains off these troublemakers before they 
can damage tools and equipment. 
PERFORMS BETTER because... 

The Aridifier protects tools against the 
freezing, fouling, caking and corrosion 
caused by dirt and foreign matter . . . as- 
sures the clean, dry air and gas that means 
better spray work, painting, lacquering, 
sand blasting, air cleaning, and similar 
operations. 

Easily installed, the Aridifier maintains itself. 10 
models. Capacity range; 7 CFM to 17,000 CFM. 


learn HOW the Aridifier 
scrubs with a patented cen- 
trifugal-baffle action. 


Write for This Catalog 


ogan ENGINEERING CO. 
4921 W. Lawrence Ave., Chicago 30, Ill. 





For more information circle 90 


Take surface temperatures 
quickly, accurately... 


with the 


o 


FOCOM 


¢ 
s 


\O 


The handy Alnor Pyrocon is unequaled for quick, accurate read 
ing of all surface temperatures ... whether surfaces are metallic 
or non-metallic, fiat or curved. Accurate temperatures are easily 
understood on the Pyroson's direct reading scale face . . . with- 
out interpolation or need of conversion tables. A wide selection 
of thermocouples and extension arms permits adaptation to 
many types of service. For complete details and prices, send for 
Bulletin No. 4257. Ilinols Testing Laboratories inc., Room 518, 


420 N. LaSalle Street, Chicago 10, Ill. 
PRECISION INSTRUMENTS 


nor FOR EVERY INDUSTRY 


For more information circle 91 on inquiry card. 
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| voltage being proportional to the flux linking the coils. In- 


asmuch as the two coils are in series, with induced voltages 
opposed to each other, the output voltage is proportional to 
the flux difference in the two legs. This in turn is propor- 
tional to the displacement of the conducting loop provided 
that the air gap flux is uniform.... full scale response has 
been obtained with armature movements of 1 microinch. 
(From new 4-page brochure, Graydon Smith Products Corp., 
W. Concord, Mass.) 
For this literature circle 413 or 


Sterilizer Control 


Problem: How to provide the sterilizer with a dependable 
automatic temperature control and timer hook-up which 





® SARCO_ VS-i06 
RELIEF T TATIC 
VALVE IT 


SARCO -20 
ELEC. , 
CONTROLLER 





© 
MOTOR VALVE 


STEAM TO 


PERFORATE 
PIPE INSDE 
STERILIZ 


ae | 

















[| 





would cost not more than $250.00. Solution: See illustration 


(From “Case History No. 147” Sarco Co., Inc., Empire 


| State Bldg., New York 1, N. Y.) 


For thi iterature rcle 414 


NOW!... 


4-6 WEEKS 
DELIVERY (eu 


ALL STANDARD 1 
tanet MOTOR 


WRITE FOR 
NEW BULLETIN 


The Type 112 Synchronous 
Motor recently announced by 
The R. W. Cramer Company 
is now in full production. 
Expanded facilities for 
standard motors now make 
possible prompt deliveries of 
small or large volume 
orders. 

Write for new Bulletin PB-119, 


SPECIALISTS IN TIME CONTROL 





The R. W. CRAMER CO., Jac. 
BOX 5, CENTERBROOK, CONNECTICUT 


x more information circle 92 on inquiry card 





Pneumatic Controller Standards 


1.2 The purpose of this standard is to establish: 

(a) Standard operating pressure ranges for pneumatic 
intelligence transmission systems, pneumatic motor oper- 
ators, and pneumatic positioning relays. 

(b) Standard air supply pressures (with limit values) 
corresponding to the specified operating pressure spans or 
ranges for the devices to which this standard applies. 

(From new 6-page Tentative Standard “Air Pressures 
for Pneumatic Controllers and Transmission Systems,” Re- 
corder-Controller Section, SAMA, 522 Fifth Ave., New 
York 36, N. Y. 

For th erature circle 418 on inquir 


Magnetic Amplifier 


MRC “Micromag” is a new magnetic low level DC amp- 
lifier which has been especially designed to operate under 
adverse environmental conditions. Three basic types are 
available. Type MM-411 has a maximum voltage gain in 
excess of 4000. The input voltage sensitivity is 20 micro- 
volts. Input resistance is 20 ohms. This amplifier is recom- 
mended for amplification of signals from thermocouples and 
current measuring shunts. Type MM-421 has a maximum 
voltage gain in excess of 1250. It has an input voltage 
sensitivity of 60 microvolts. Input resistance is 180 ohms. 
This amplifier is recommended for the amplification of sig- 
nals from strain gauges, resistance thermometer bridges, 
and other general applications. Type MM-431 has an input 
current sensitivity of 0.1 microamperes. Input resistance is 
2000 ohms. This unit is recommended for application in 
electronic equipment. 

All models are powered from 400 cps and require 6.3 
volts, 0.0005 amperes excitation. (From new 4-page Bulie- 
tin EB-201, Magnetic Research Corp., 200 Center St., El 
Segundo, Calif.) 


For this literature 


ircle 416 on inquiry card 


TWO STEP 


AGASTAT 


Trademark 


TIME DELAY 
RELAYS 


<7) 
NET-11 AGASTAT 


Single units for applications requiring a sequence of time delay 
relay periods —such as sequential starting of motors—or an ad- 
justable momentary impulse, as in operating air valves of air cylin- 
ders on indexing machines. Time delay range of from 0.1 seconds 
to 10 or more minutes, with a secondary delay period up to 15 
seconds. Compact, lightweight pneumatically timed units, low in 
cost and remarkably versatile. 

Write for specifications —and ask our application engineers for 
help with your timing problem. Address Dept. Al4-129. 


Elastic Stop Nut Corporation 
of America 


1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing. 





DIVISION 


For more information circle 93 on inquiry card. 








PROTECT 


EXPENSIVE GAGES 


SPRAGUE SHUT OFF VALVES automatically cut 
out gages and other pressure-sensitive in- 
struments when fluid pressures go beyond 
their operating limits. Automatically open 
when pressure is again within approx. 80% of 
set cut-out points. Available for any pressure 
setting between 10 PSI. and 5000 PSI. 

Save valuable man hours. Eliminate opening 
and closing manually operated shut off 
valves. Supplied with standard pipe thread 
connections, also available with AN 

tube fittings. Body is 14%” aluminum 

hexagon stock. Length 54”. Bronze 

or stainless steel bodies also 

available. Easy to install. Thou- 

sands in use. Write for bulletin. 





N\ 





SPRAGUE 


7 ' Fr 
Ciuginecting Oto HOLLOW a tad 


1144 WEST 135TH STREET, GARDENA, CALIFORNIA 


For more information circle 94 on inquiry card 


These CEC miniature precision 
instrument-type 
pressu re 


pickups 


PICKUP 
WITH FLUSH 
MOUNTING 
FLANGE 


PICKUP ONLY cover a wide 


performa nce 
range 


» Consolidated pressure pickups feature a-c or d-« 
excitation 
5,000 PSI—linearity within 1% 
ity to acceleration and vibration— wide temperature 
e range from —65°F to + 250°F—output 20 milli- 
volts with S-volt excitation—flush-type diaphragm 
as Standard construction— stainless steel, corrosion- 
resistant construction—overload protection—high 
frequency response — variable-resistance types 
vs calibration certificate with each pickup. Electrical 
PICKUP 
WITH PIPE 
ADAPTER n 
FLUSH MOUNTING 
DIAGRAM 


full-scale pressure ranges from 5 to 
negligible sensitiv- 


principle is unbonded strain-gage windings con 
nected in a four-arm bridge as the active element 
Write for Bulletin CEC 1552-X1 and price list 


Dimensions 

0.5” diam. 1 0.7” 
0.625” diam x 0.875” 
0.5” diam « 0.7” 


Range 

5 to 250 PSI 
5 to 5,600 PSI 
5 to 250 PSI 


Pickup Type 

4-310 gage pressure pichup 

4-311 gage pressure pichup 

4-3/2 absolute. differertial, 
Of gage pressure pickup 

















Consolidated Engineering 


CORPORATION 
300 North Sierra Madre Villa, Pasadena 15, California 


For re informatior 


e 95 or juiry card 
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MANUFACTURERS’ 
EW LITERATURE 


In this department we report new literature, pertaining to instrumentation, re- 
ceived from the manufacturers. We urge readers to request ONLY those bulletins 
which will be of value to them. Use the Postage-free Order Card on Page 1995. 

Requests for literature FROM ABROAD should be made on company letterhead and 


mailed DIRECTLY to the manufacturers. 





AUTOMATION 


Electric Process-Control System. 
New 16-page Booklet ND4 (7) pre- 
sents principles and operation of new 
“Series 60” electric process controller 
which includes an indicator or indi- 
cating recorder, primary element, and 
final control device. Circuits are given 
for proportional, reset, and rate ac- 
tions.—Leeds & Northrup, 4907 Sten- 
ton Ave., Phila. 44, Pa. 


Circle 417 on inquiry card. 


Process Instrumentation. New 8- 
page Bulletin DM035 presents maker’s 
complete line of process instruments— 
“Free-Vane” controllers, “Metagraph- 
ic” control systems, “Dynamaster” po- 
tentiometers, and instruments for pH, 
humidity, flow, level, temperature, etc. 

Bristol Co., P.O. Box 1790, Water- 
bury 20, Conn. 

Circle 418 on inquiry card. 


Meter Relays. New 52-page Catalog 
3-A describes and illustrates maker’s 
contact meter-relays and controls, in- 
dicating and controlling pyrometers, 
and panel meters. Includes principles, 
applications, and specification sheet. 
Assembly Products, Inc., P.O. Box 191, 
Chagrin Falls, Ohio. 


Circle 419 on inquiry card 


Pneumatic Controllers. New 2-page 
Specification Sheet 163-1 describes 
maker’s “ElectroniK” circular-chart 
pneumatic controllers. Includes listing 
of control modes available.—Minne- 
apolis-Honeywell Regulator Co., In- 
dustrial Div., Phila. 44, Pa. 

Circle 420 on inquiry card, 


Program Control. New 2-page Spe- 
cification Sheet 287-1 lists specifica- 
tions of maker’s pneumatic time-pat- 
tern transmitter unit for controlling 
a program by transmitting a pre-de- 
termined program to adjust set points 
of one or more control instruments. 
Minneapolis-Honeywell Regulator Co., 
Industrial Div., Phila. 44, Pa. 

Circle 421 on inquiry card. 


Servomechanisms, Process Instru- 
ments. New 36-page Catalog 954 SM 
describes and illustrates maker’s large 
line, including field-wound miniature 
motors, potentiometers for telemeter- 
ing, and computers, thermocouples, 
pressure and temperature instruments, 
electronic transducers, precision gears, 
and electronic hygrometer.—Burton 
Mfg. Co., 11201 W. Pico Blvd., Los 
Angeles 64, Calif. 

Circle 422 on inquiry card, 


Page 1976—Instruments & Automation 


High-torque Pneumatic Positioner. 
New 4-page Bulletin S-19 describes 
and illustrates maker’s “Series 77” 
final drive unit for accurate position- 
ing and regulation of valves and 
dampers requiring a high-torque posi- 
tioner.—Republic Flow Meters Co., 
2240 Diversey Parkway, Chicago 47, 
Il. 

Circle 423 on inquiry card 


Electronic Process Control. New 4- 
page issue of “Wheeleo Comments” 
(Vol. 14, No. 6) features articles on 
“Model 407 Capacitrol” for electric 
proportioning control.—Wheelco In- 
struments, Barber-Colman Co., Rock- 
ford, Ill. 

Circle 424 on inquiry card. 


Furnace Control. New 4-page Bul- 
letin 2250 describes and _ illustrates 
maker’s stoker-fired furnace humidi- 
fication control system for reducing 
deposits on boiler tubes.—Foxboro Co., 
Foxboro, Mass. 

Circle 425 on inquiry card. 


Machine Process Control. New 4- 
page folder describes maker’s line of 
automatic control devices—timers of 
cam, drum, and intervat types; tem- 
perature and pressure controllers for 
presses, kilns, and ovens; air dia- 
phragm motor valves; high-pressure 
hydraulic valves; low-pressure water 
and steam valves for use on hydraulic 
compression presses.—Seely Instru- 
ment Co., Inc., 377 Fourth St., Niagara 
Falls, N. Y. 


Circle 426 on inquiry card. 


Engine Controller. New 4-page Bul- 
letin 649A describes maker’s “Univer- 
sal” automatic gas and diesel engine 
controller with cubicle construction.— 
Alexander F. Barron, 53 W. Jackson 
Blvd., Chicago, Ill. 

Circie 427 on inquiry card. 


Servo System. New 2-page Data 
Sheet DR 100 describes maker’s “HC 
100 Series” servo system comprising 
chopper, amplifier, and servo motor.— 
Hazatrol Corp., 215 Market St., San 
Francisco, Calif. 

Circle 428 on inquiry card. 


Relay Control Box. New 2-page Data 
Sheet 11493 describes maker’s rede- 
signed electronic relay control box for 
controlling electric heater circuits, 
timing devices, thermoregulators and 
liquid-level controls.—Precision Scien- 
tific Co., 3737 W. Cortland St., Chi- 
cago 47, Ill. 

Circle 429 on inquiry card 


Vol. 27 


Recording Controller. New 2-page 
Bulletin 62 describes maker’s poten- 
tiometer pyrometer and _ resistance- 
thermometer controllers with either 
two-position or pulse-proportional con- 
trol action.—Thermo Electric Co., Inc., 
Saddle River Township, Rochelle Park 
Post Office, N. J. 

Circle 430 on inquiry card. 


Process Instrumentation. New 28- 
page issue of “Taylor Technology” 
(Vol. 7, No. 1-2) features article on 
primary elements for flow measure- 
ment.—Taylor Instrument Cos., Ro- 
chester 1, N. Y. 

Circle 431 on inquiry card. 


Telemetering System. New 12-page 
Bulletin ATIC-929 “Selective Telemet- 
ering Applications” (Vol. IV, Sec. 7) 
features articles on supervisory con- 
trol systems that permit remote con- 
trol of valves, motors, ete.—Motorola 
Communications & Electronics, Inc., 
4501 W. Augusta Blvd., Chicago 51, 


Ill. 
Circle 432 on inquiry card. 


Photoelectric Edge Control. New 4- 
page bulletin describes maker’s “Linar 
Edgetrol” photoelectric edge guidance 
for accurate printing, rerolling, slit- 
ting, punching, ete.—Airlectron, Engi- 
neering, Inc., 110 Washington St., New 
York 6, N. Y. 

Circle 433 on inquiry card. 


Surge Control. New 4-page bulletin 
“Magnilastic Newsletter” (Vol. 2, No. 
20) illustrates and describes maker’s 
pressurized “Hydropads” for pipe line 
and instrument protection where there 
are sudden velocity changes in fluid 
pipe lines.—Cook Electric Co., 2700 N. 
Southport Ave., Chicago 14, Il. 

Circle 434 on inquiry card. 


Roller Gear Drives. New 20-page 
Catalog 105 describes maker’s line of 
standard roller gear drives for high- 
speed precision indexing of automatic 
production machinery.—Ferguson Ma- 
chine & Tool Co., P. O. Box 191, St. 
Louis 21, Mo. 

Circle 435 on inquiry card. 


Indexing Machine. New 4-page bul- 
letin describes maker’s Type “A” 
“Trans-o-Mator” multiple-station 
transfer machine.—Ferguson Machine 
& Tool Co., Ine., P. O. Box 191, St. 
Louis 21, Mo. 

Circle 436 on inquiry card. 


MOTORS 


Motors. New 26-page Catalog El- 
3A describes and illustrates maker’s 
line of induction and torque motors. 
Includes electrical specifications and 
frame dimensions.—Electric Indicator 
Co., Inc., Springdale, Conn. 

Circle 437 on inquiry card, 


Synchronous Motors. New 8-page 
Brochure PB-110 describes maker’s 
synchronous motors for instrument 
and industrial control applications. In- 
cludes “Type 112” standard synchro- 
nous motor, “Type 142” clutch unit 
motor, and “Type 152” dual motor.— 
R. W. Cramer Co., Inc., Centerbrook 
and Ballouville, Conn. 

Circle 438 on inquiry card. 


Motor Speed Control. New 8-page 
issue of “Experimenter” (Vol. 29, No. 
5) features article on “Unmounted 
Motor Speed Controls For Assembly 








Into Other Equipment.”—General Ra- 
dio Co., 275 Massachusetts Ave., Cam- 
bridge 39, Mass. 

Circle 439 on inquiry card. 


Speed-Regulated Motor. New 2-page 
Bulletin SC-5-754 describes features 
and performance of maker’s 1-hp., 
12,000-rpm. “Type SC-5” motor.—Dal- 
oaeet Co., 1344 Clay St., Santa Clara, 
Calif. 


Circle 440 on inquiry card. 


VALVES, TRAPS 


Valves, Air Motors. New 28-page 
Bulletin SP-50 “Spec-Book” describes 
dimensions and specifications of mak- 
er’s cylinder-type air motors, pilot 
valves, solenoid valves, and 4-way 
valves. Includes large air-consumption 
chart.—Bellows Co., 222 W. Market 
St., Akron, Ohio. 

Circle 441 on inquiry card. 


Control Valve. New 2-page bulletin 
covers maker’s control valve with “Iso- 
force Actuator” that uses Belbfram 
principle. Includes features, character- 
istics, and accessories.—Foster Engi- 
neering Co., 835 Lehigh Ave., Union, 


Circle 442 on inquiry card. 


Ball Valves. New 6-page illustrated 
Folder 10M-4-54 describes maker’s ball 
valves with full round flow, quick 
opening and closing.—Rockwood 
Sprinkler Co., 38 Harlow St., Worces- 
ter 5, Mass. 

Circle 443 on inquiry card. 


Globe Valves. New 16-page bulletin 
describes maker’s “Section B” stain- 
less-steel globe and stop valves. In- 
cludes pressure, velocity, and dis- 
charge conversion tables.—Associated 
Valve & Engineering Co., 1150 W. 
Marquette Rd., Chicago 21, III. 

Circle 444 on inquiry card. 


Needle, Check, Plug Valves. New 20- 
page Catalog A243 describes maker’s 
line of precision check valves, relief 
valves, needle valves, on-off valves, 
and plug valves for precision applica- 
tions.—Kohler Co., Kohler, Wise. 

Circle 445 on inquiry card. 


Steam Traps. New 8-page Bulletin 
255A describes and illustrates maker’s 
thermodynamic steam traps for high 
pressure and superheated steam mains. 
—Sarco Co., Inc., Empire State Bldg., 
1 ee I Ae gt 

Circle 446 on inquiry card. 


Solenoid Valve. New 8-page Bulle- 
tin AV300R illustrates and describes 
maker’s “Electroaire”’ valve—a_ sole- 
noid-operated air-control unit.—Bel- 
lows Co., 222 W. Market St., Akron, 
Ohio. 

Circle 447 on inquiry card. 


TEMPERATURE 


Temperature Measurement. New 24- 
page Bulletin 101 discusses measure- 
ment, recording, and controlling of 
process temperatures by mercury-bulb 
instrumentation. Includes basic prin- 
ciples.—Partlow Corp., New Hartford, 
Nuts 

Circle 448 on inquiry card. 


Low-temperature Containers. New 
126-page proceedings of symposium on 
“Low Temperature Test Methods and 
Standards for Containers” contains 


ES 


0.2 Microamperes 


(0/20 scale range) 


0.05 Millivolts 


A.C. D.C. 


Thermocouples 


Adjustable 


(90° scale arc) 





Mode! 266, plug-in, (non- 
indicating) hermeticolly 
sealed, with shock mount- 
ed movement, Suited to 
marine or aircraft or other 
mobile installations. 








eset 


Single contact meter-relay 
schematic. 


Model 263, (2% inch), 
double contact, (non-indi- 
cating) used in Model 653 
SILVERCEL BATTERY 
CHARGER CONTROL 
manufactured for the 
Navy by Franklin Trans- 
former Mfg. Co., Minne- 
opolis, Minn. 








(0/5 scale range) 
(voltage - current) 


(R.F. or temperature) 


| 


) 
| 
| 











D’ Arsonval 


METER-RELAY 


Jeweled Moving Coil Armature 


Mager bs, Protucty 
ing 


Cran My 
rere ~e 


Model 451-C, (4% inch) double contact, 
0/10 DC Millivolts, as used in Vacuum 
Gauge made by Hastings Instrument Co., 
Inc., Hampton, Va., used to maintain pres- 


The contact meter-relay as made by sure ina 
Assembly Products is an indicating meter with built-in micro-contacts 


which can be set to operate at any point of indication on the scale. 


Made like a conven- 
tional panel meter, it 
can be substituted for 
an existing meter in 
most circuits and will 
add relay action for 
over or under limit or 
automatic control. 


A locking coil gives high 
contact pressure. Spring 
action in the contacts 
gives forceful separa- 
tion. Contacts are re- 
leased by breaking the 
circuit to the locking 
coil, either manually or 
by an automatic inter- 
rupter switch. 


vacuum system. 





Model 351-C, (3% inch), double con- 
tact, suppressed zero millivoltmeter, 
with bimetal compensation for ther- 
mocouple reference junction. Dial 
calibrated 450-850° Fahrenheit (also 
Centigrade), for lron-Constantan 
thermocouple. Used in control of tem- 
perature of THERMO DIMPLER made 
by Zephyr Mfg. Co., Inc., 201 Hindry, 
Inglewood, Calif. 





Send for 16-page 
Bulletin 6-6 
AUTOMATIC 

Contact Meter-Relay 
CONTROL 





Model 261-C, (2% inch), 
single contact, high limit, 
0/200 DC Microomperes 
as used in Consolidated 
Engineering Corp., Pasa- 
dena, California Model 
21-220 Mass Spectro- 
meter. 








ASSEMBLY PRODUCTS, INC. 
CHESTERLAND 10, OHIO 
Phone: Cleveland, Ohio 
HAmilton 3-4436 





*Yardney Silvercel—Reg. Trademark of Yardney Electric Corp 


Fur more information circle 96 on inquiry card. 
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MANUFACTURERS' NEW LITERATURE 





articles on packaging aspects of mod- 
ern combat, facilities for low-tem- 
perature research, effect of low tem- 
perature on container components, etc. 
Quartermaster Food & Container In- 
stitute for the Armed Forces, 1819 W. 
Pershing Rd., Chicago 9, Ill. 


Circle 449 on inquiry card. 


Temperature Control. New 8-page 
Catalog CC describes maker’s tem- 
perature controls and allied equipment 
for industrial heating and refrigera- 
tion. Includes recording and indicat- 
ing controls, thermometers, “Saf-t- 
flame” gas pilots, bulb installation, ac- 
cessories, etc.—Partlow Corp., 2 Cam- 
pion Rd., New Hartford, N. Y. 

Circle 450 or 


uiry cara 


Micro Optical Pyrometer. New 4- 
page brochure describes and illustrates 
maker’s micro-optical pyrometer for 
lab and plant use in measuring tem- 
peratures of targets smaller than 
0.001 inch in diameter.—Pyrometer 
Instrument Co., Inc., Bergenfield, N. J. 

Circle 451 « 


n inquiry card 


Charts, Gages, Thermometers. New 
Data Sheets 954, 954-2, 954-3 and 954- 
4, describe available portable poten- 
tiometers, round-dial indicating con- 
trollers, etc.; lists size, range pressure 
and quantity of indicating and record- 
ing gages; price and quantity of lab- 
oratory and dial thermometers; gives 
information on tempilstiks, tempil pel- 
lets, and tempilaq.—Claud S. Gordon 
Co., 3000 S. Wallace St., Chicago 16, 
Ill. 

Circle 482 on inquiry card. 


Thermocouple Wire. New 4-page is- 
sue of “Service” “Vol. II No. 1) de- 
scribes maker’s “Serv-Rite” insulated 
thermocouple wire and thermocouple 
assemblies; custom-built furnaces; and 
sand testing equipment.—Claud S. 
Gordon Co., 3000 S. Wallace St., Chi- 
cago 16, Ili. 

Circle 483 on inquiry card 


Temperature Controllers. New 2- 
page Data Sheet ND 46(4) describes 





maker’s “Speedomax Model 8” pro- 
gram-control system which offers 
flexibility in setting rate of heating, 
length of soak period and rate of cool- 
ing in batch-type heating processes.— 
Leeds & Northrup Co., 4934 Stenton 
Ave., Phila. 44, Pa. 
Circie 454 on inquiry card. 


Thermistor-operated Temperature 
Controller. New 2-page bulletin de- 
scribes and illustrates maker’s “Se- 
ries 560” indicating controller for 
kilns, ovens, air heaters, etc., featur- 
ing thermistor pickup and _ propor- 
tioning control.—Fenwal, Inc., Ash- 
land, Mass. 


Circle 485 on inquiry card 


Thermostats. New 2-page Bulletin 
LL-303 describes maker’s “Stemco 
Type B” bimetal thermostats and 
“Stemco Tip-Off” safety switch for 
use in heaters and electric appliances. 
-Stevens Mfg. Co., Inc., Mansfield 
and Lexington, Ohio. 
Circle 456 on inquiry card 


Dial Thermometer New 4-page Bul- 
letin 350 describes maker’s “Direct 
Drive” dial thermometer featuring 
case of stainless-steel, compensation 
for ambient temperature, and rotation 
to any readable position.—Palmer 
Thermometers, Inc., 2501 Norwood 
Ave., Cincinnati 12, Ohio. 

Circle 457 on inquiry card 


Thermocouple Elements. New 4-page 
Bulletin 14-15-54 describes and illus- 
trates maker’s line of “Serv-Rite” 
thermocouple elements and bare ther- 
mocouple wire.—Claud S. Gordon Co., 
3000 S. Wallace St., Chicago 16, Il. 

Circle 488 on inquiry card 


Temperature Control. New 2-page 
Bulletin F-6476 describes and illus- 
trates maker’s “Model 297 Capaci- 
trols” that provide accurate “straight 
line” control required by new plastic 
machines, methods and materials.— 
Wheelco Instruments Div., Barber- 
Colman Co., Rockford, Il. 

Circle 489 on inquiry card 





INSTRUMENT & CONTROL 


CONSULTANTS 


Engineering Services, Test- 
ing Laboratories and other 
Professional Services 





Product Design 
& Detall 


LUzoe 2-3069 


Your Midwestern Engineering Facility 
for the Design of 
Control! Panels, instrument Panels & Cubicles 
Efficient & Dependable 


DEARBORN DESIGNING & MANUFACTURING COMPANY 


23410 Military Rd., Dearborn 6, Michigan 


Production Design 
Process Engineering 


LOgen 2-6621 








C.O.M.S.1.P. 


Specialized in control Engineering 
instrument layout—Procurement—Application— 
conventional and graphic pane! design and 
construction 

INSTALLATION—REVAMPING 
STARTING UP—MAINTENANCE 


40 Ave. Verdun @ Croissy @ S&O France 











GAUGE & INSTRUMENT 
CONTROLLED AUTOMATION 


Your present machines can be equipped with 
full automation, including automatic loading 
and gauge feedback contro! of size. 
SPECIALISTS IN CENTERLESS GRINDER 
AUTOMATION. 


Jessup Eng. 66 5s 3980 Superior Ave. 
& Dev. Co. JEDCO Cincinnati 36, Ohio 








Page 1978 


Instruments & Autonation—Vol. 


Subminiature Thermal Switch. New 
2-page bulletin describes maker’s 
“MiniTherm” subminiature thermal 
switch which permits direct operation 
of solenoid valves, small motors, actu- 
ators, or other power devices without 
intermediate amplification ——MiniTec, 
5423 Delaware Ave., Los Angeles 41, 
Calif. 

Circle 460 on inquiry card. 


Temperature Control. New 2-page 
Bulletin 104 describes maker’s line of 
temperature controls featuring expan- 
sion-type switch, and including “Model 
D-1S” for controlling temperatures up 
to 1800 F.—Burling Instrument Co., 
Inc., 16 River Rd., Chatham, N. J. 

Circle 461 on inquiry card. 


Furnaces, Incubators. New 4-page 
bulletin “Prescription for Your Con- 
stant Temperature Problems” dis- 
cusses oven and furnace problems and 
solutions.—Electric Hotpack Co., Inc., 
Cottman Ave. at Melrose St., Phila. 
25, Pa. 

Circle 462 on inquiry card. 


Thermometers, Microscopes, Testers. 
New 16-page brochure !ists distribu- 
tor’s line of “Pandux” pipe surface 
thermometers used to obtain tempera- 
ture of pipe and tubes, foam- and 
sponge-rubber hardness tester, indus- 
trial microscopes, etc.—American In- 
dustrial & Scientific Co., 11838 A. Pico 
Blvd., Los Angeles 64, Calif. 

Circle 463 on inquiry card 


PRESSURE 


Bantam Draft Pressure Gages. New 
4-page Brochure 805 describes and il- 
lustrates maker’s new “V5” bantam 
gages for measuring draft, pressure, 
and differential pressure.—Republic 
Flow Meters Co., 2240 Diversey Park- 
way, Chicago 47, Ill. 

Circle 464 on inquiry card 


Pressure Transmitter. New 2-page 
Bulletin A-713 describes and _ iilus- 
trates maker’s new flush-diaphragm 
pressure transmitter “Type P3T.” 
Gives principles of operation and di- 
mensions.—Swartwout Co., 18511 
Euclid Ave., Cleveland 12, Ohio. 

Circle 465 on inquiry card 


Portable Pressure Calibrator. New 
4-page Bulletin 52-3 describes maker’s 
portable low-pressure calibrator for 
testing and calibrating instruments 
operating at pressures ranging from 
0-20 inches water, vacuum, pressure 
or compound.—Republic Flow Meters 
Co., 2240 Diversey Parkway, Chicago 
47, Tl. 

Circle 466 on inquiry card 


Pressure, Flow Calibrator. New 2- 
page Bulletin 53-3 describes maker’s 
medium-pressure calibrator for fast 
testing and calibration of pressure in- 
struments operating between 20 inches 
H.O and 25 psi.—Republic Flow Me- 
ters Co., 2240 Diversey Parkway, Chi- 
cego 47, Ill. 


Circle 467 on inquiry card 


Pressure Gage. New 4-page Bulle- 
tin 1787 describes maker’s Bourdon- 
actuated pressure gage for accurate 
trouble-free pressure reading.—De- 
signers For Industry, 4746 W. Wash- 
ington Blvd., Los Angeles 16, Calif. 

Circle 468 on inquiry card. 











Vibrotron Pressure Gage. New 6- 
page folder describes maker’s “Vibro- 
tron,” variable-frequency pressure 
gage featuring vibrating-wire sensing 
element.—Byron Jackson Co., Elec- 
tronics Div., P. O. Box 2017, Terminal 
Annex, Los Angeles 54, Calif. 
© 469 on inquiry card 


Recording Balance. New 4-page Bul- 
letin 103 describes maker’s servo-type 
recording balance for observation of 
small, rapidly-changing forces applied 
to moving system.—Sharples Corpora- 
tion Research Laboratories, 424 W. 
4th St., Bridgeport, Pa. 

e 470 on ir r 


Pressure Transmitter. New 6-page 
Bulletin 5410 describes and illustrates 
maker’s “Type 158 Teledyne” electri- 
cal pressure transmitter (strain-gage- 
type) for telemetering dynamic pres- 
sures in ranges from 100 to 10,000 
psi.—Taber Instrument Corp., 111 
Goundry St., N. Tonawanda, N. Y 

e 471 on inquiry card 


WEIGHT 


Scales. New 28-page Catalog 11-A 
presents maker’s line of standard 
scales, including specifications and 
spot illustrations of dial, counting, 
weighing and portable scales.—Howe 
Scale Co., Rutland, Vermont. 

e 472 on inquiry card 


Weight Recorder. New 4-page Leaf- 
let 681 describes maker’s “Teleprint” 
electronic remote weight recorder for 
accurate, efficient weight control. 
Howe Scale Co., Rutland, Vermont. 

Circle 473 or ard 


Weighing Scale. New 4-page Leaflet 
W-009 describes and illustrates mak- 
er’s electric weighing scale for either 
batch weighing or continuous-process 
control utilizing strain-gage load cells. 

Weighing Components, Inc., 64 Ful- 
mor Ave., Hatboro, Pa. 

Circle 474 on inquir 


ae | 


Frictionless Hook Scale. New 2-page 
Bulletin M-25 describes maker’s “SU- 
20 Sensater” friction-free, hydraulic 
hook scale made in models with capaci- 
ties up to 20,000 lbs.—Martin-Decker 
Corp., Long Beach, Calif. 

Circle 478 on inquir 


FLOW 


Proportioning Systems. New 8-page 
Catalog RP-2000 describes maker’s 
continuous gravimetric proportioning 
systems. Includes diagrams, photo- 
graphs, flowgrams and information on 
electronic load cells, belt-type gravi- 
metric feeders, etc.—Proportioneers, 
Inc., 345 Harris Ave., Providence, R. I. 

Circle 476 ‘F 


Flow Regulator. New 2-page bulle- 
tin describes and illustrates maker’s 
flow regulator with automatic by-pass 
for any system requiring a constant- 
flow rate less than pump output.— 
Waterman Engineering Co., 721 Custer 
Ave., Evanston, III. 

Circle 477 on inquiry 


Chemical Feeders, Compressed-air 
Systems. New 4-page issue of “Rato- 
news” features articles on compressed 
air survey and on chemical feeders.— 
Fischer & Porter Co., Hatboro, Pa. 

Circle 478 on inquiry card 
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sealed... 
ruggedized 
instruments 


by DedUR 


Simplify your panel meter problems 







STANDARD AND POWER 
POTENTIOMETERS 






SEALED MODEL 152 













SEALED MODEL 150 








New DeJUR 172" sealed meters 
Built to MIL M-3823 specifications 


Here are new, high precision panel instruments 
designed for use in a wide variety of environ- 
mental applications. They‘re sealed, waterproof SEALED METERS 
and have high resistance to shock. Even damage SQUARE AND ROUND 
to the scale window will not destroy the water- 
tight seal to the panel. Featured also are the 
DeJUR miniaturized external pivot D‘Arsonval 
movements for high stability and accuracy, and 
high flux density Alnico magnets. 


These meters are also available as self- 
contained AC rectifier types, and with various 
scales and ranges to meet your prototype or : 
production requirements. In addition, we aon FULLY ENCLOSED 
facture sealed and ruggedized meters in 1”, 142”, POTENTIOMETERS 
2%", 342” and 4%”, round or square. For de- 
tailed engineering literature write Dept. 1A, 
DeJUR-Amsco Corporation, 45-01 t lorthern Blvd., 


Long Island City 1, N. Y. 
Sales 


oes HIGH RESOLUTION 
Division Deu WR POTENTIOMETERS 


45-01 NORTHERN BLVD., LONG ISLAND CITY 1, N.Y. 
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HI-LO ALARM | 


SYSTEM 


® up to 50% lower cost! 
® completely interchangeable! 


Where ever your problem is one of 
monitoring Hi-Lo situations, here is 
the new low cost answer! The new 
Scam Hi-Lo abnormal alarm system 
fills a long felt need for an annuncia- 
tor alarm that provides the conven- 
tional Hi-Lo sequence indication yet 
is in a lower price range than any 
heretofore available. The new Scam 
ACS Hi-Lo alarm is completely inter- 
changeable in the same cabinet with 
standard Scam annunciators and _ is 
available with two types of light boxes 
—back lighted main plate type and 
dual bulls-eye type. They are avail- 
able at 30 to 50% less cost than 
similar Hi-Lo systems yet have all 
the many Scam advantages including 
provisions for “locking in” momen- 
tary field signals. 


Get all the facts—send this coupon! 


Fill in and send this coupon to get 
complete literature on the new Scam 
Hi-Lo abnormal alarm system. 


SCAM INSTRUMENT CORPORATION 
3909 Irving Park Road 
Chicago 18, Iilinois 


Send me full information on the Scam 
Hi-Lo abnormal alarm system. 

NAME 

ADDRESS at iiieid 

city . a 


For more information 


MANUFACTURERS' 


NEW LITERATURE 





rcle 98 on inquiry card. 


Pumps. New 20-page Brochure RO- 
103 describes and illustrates maker’s 
aircraft fuel pumps, high-pressure test 
stand, pressure regulator valves, etc. 

Lear, Inc., 3171 S. Bundy Dr., Santa 
Monica, Calif. 

Circle 479 on inquiry card. 


Air Meters. New 4-page Bulletin A- 

7 describes and illustrates maker’s 

compressed air meters which measure 

air consumption of any pneumatic tool, 

rock drill, air motor, sand blast, ete.— 

New Jersey Meter Co., Plainfield, N. J. 
Circle 480 on inquiry card 


LEVEL 


Digital Remote Tank Gaging. New 
4-page Bulletin ES-5 presents descrip- 
tion, principles, and specifications of 
maker’s new “Electro-Span” remote 
tank gaging system for remote elec- 
trical measurement of liquid level. 
Includes features of digital pulse-code 
system used for interrogation and 
readout.—Pacific Div., Bendix Avia- 
tion Corp., N. Hollywood, Calif. 


Circle 481 on inquiry card 


Electronic Level Control. New 4- 
page Bulletin 253-1 describes maker’s 
“Electro-O-Probe” electronic level 
switch for liquid-solids, foam, or inter- 
face level control. Includes principles 
of capacitance-type pickup, typical ap- 
plications, and other instruments of- 
fered.—Instruments, Inc., 122 N. Madi- 
son, Tulsa, Okla. 

Circle 482 on inquiry card. 


Level Control. New 2-page Leaflet 
CP2 describes maker’s capacitance- 
probe-type level control. Includes 
equipment useful in handling of most 
non-adhesive chemicals, milk, oils, re- 
frigerants and condensed gases.— 
Thermo Instruments Co., 1310 County 
Rd., Belmont, Calif. 

Circle 483 on inquiry card 


Ring Balance Meter. New 4-page 
Bulletin MSA-109 describes maker’s 
ring balance meter for controlling 
level in high-pressure hydraulic 
presses of 2000 psi. and upwarés.— 
Hagan Corp., 323 Fourth Ave., Pgh. 
22, Pa. 


Circle 484 on inquiry card 


Null-Balance Receivers. New 4-page 
Brochure P-597 describes maker’s null- 
balance receivers for accurate deter- 
mination of liquid levels in electronic 
tank gages.—Gilbert & Barker Mfg. 
Co., W. Springfield, Mass. 

Circle 488 on inquiry card 


Tank Gage. New 8-page Bulletin 
P-591 describes and illustrates maker’s 
electronic tank gage which gives ac- 
curate liquid-level gaging in tanks of 
all sizes, containing any liquid.—Gil- 
bert & Barker Mfg. Co., W. Spring- 
field, Mass. 

Circle 486 on inquiry card 


GAGING 


Gage Blocks. New 19-page catalog 
featuring maker’s complete line of 
gage block sets, sine bars, tri-squares, 
and accessory set, ring, snap and plug 
gages.—Jansson Gage Co., 13550 
Auburn, Detroit 39, Mich. 

Circle 487 on inquiry card 


Page 1980—Jnstruments & Automation—Vol. 27 


Height Gage. New 6-page leaflet 
describes maker’s height gage giving 
accurate measurements in production 
of tools, jigs, fixtures, aaikios parts 
and other mechanical devices.—George 
Scherr Co., Inc., 200 Lafayette St., 
New York 12, N. Y. 


Circle 488 on inquiry card. 


HARDNESS, TENSILE 


Hardness Tester. New 4-page Bul- 
letin A-12 describes maker’s ‘““Wolpert- 
Gries” machine for standard rockwell 
hardness tests at a rate of up to 400 
tests per hour.—Gries Industries, Inc., 
Testing Machines Div., Beechwood 
Ave. at Second St., New Rochelle 6, 
N. Y 

Circle 489 on inquiry card. 

Hardness Tester. New 4-page book- 
let describes maker’s portable “Brin- 
ell” hardness tester for rolling mills, 
foundries, etc.—Andrew King, 67 E. 
Lancaster Ave., Ardmore, Pa. 

Circle 490 on inquiry card. 


Paper, Plastic Testing Instruments. 
New 24-page Bulletin 1400 describes 
procedures for testing paper stocks, 
textiles, leather, plastics and other 
sheet materials. Includes procedures 
for stiffness, smoothness, porosity, 
and softness —W. & L. E. Gurley, 
Troy, N. Y. 

Circle 491 on inquiry card. 


Hardness Tester. New 4-page bulle- 
tin describes and illustrates maker’s 
‘“Kentrall” hardness tester adaptable 
to the use of normal accessories such 
as goose-neck adapters for internal 
testing and large diameter penetrat- 
ors for testing of soft materials.— 
Torsion Balance Co., Clifton, N. J. 

Circle 492 on inquiry card. 


Tensile-Testing Machine. New 4- 
page Bulletin C.T. 1-5 describes mak- 
er’s motor-driven, hydraulic tensile- 
testing machine.—Cal-Testing Ma- 
chine Co., Los Angeles 34, Calif. 


Circle 493 on inquiry card. 


ENVIRONMENTAL TEST 


Environmental Test Equipment. 
New 12-page Bulletin 754 describes 
maker’s line of environmental equip- 
ment which includes “T-Series” units 
for shrink fitting, low temperature 
treatment and cold processing of met- 
als.—Bowser Technical Refrigeration, 
Terryville, Conn. 

Circle 494 on inquiry card 


Environmental Test Equipment. New 
6-page Catalog 55 describes and illus- 
trates maker’s complete line of envir- 
onmental test equipment. Includes 
calibration test stand for sensitive 
calibration of temperature measure- 
ment and control devices.—American 
Research Corp., 11 Brook St., Bristol, 


Conn. 
Circle 495 on inquiry card. 


RECORDING 


Null-balance Recording. New 43- 
page Brochure ND46 is basic text on 
“Speedomax”-type null-balance re- 
cording instruments, including prin- 
ciples of potentiometer and bridge cir- 
cuits, amplifiers, response times, and 
























auxiliaries. Amplifiers described in- 
clude general-purpose, high-imped- 
ance, low-level, current-balance and 
alternating-current amplifiers.—Leeds 
& es 4907 Stenton Ave., Phila. 
44, Pa. 


Circle 496 on inquiry card. 


Data Recording Cameras. New 40- 
page Catalog describes and illustrates 
maker’s high-speed and data record- 
ing cameras for military and indus- 
trial use. Includes cast Ba and 
users of Traid and Automax cameras. 
—Traid Corp., 4515 Sepulveda Blvd., 
Sherman Oaks, Calif. 


Circle 497 on inquiry card 


Oscillography, Strain Gages, Ana- 
lytical Instruments. New 16-page is- 
sue of “CEC Recordings” (Vol. 8, No. 
3) features articles on strain gages— 
selection, theory and application tech- 
niques; analytical services; and oscil- 
logram processor which eliminates 
darkroom developing.—Consolidated 
Engineering Corp., 300 N. Sierra 
Madre Villa, Pasadena 15, Calif. 


Circle 498 on inquiry card. 


Direct-writing Oscillograph. New 8- 
page booklet describes and illustrates 
maker’s “Type M Dynograph Record- 
er” direct-writing oscillograph. In- 
cludes specifications and principles 
and shows variety of sensing elements 
that can be used with chopper type 
d-c. amplifier.—Offner Electronics, 
Inc., Dept. M, 5320 N. Kedzie Ave., 
Chicago 25, Ill. 

Circle 499 on inquiry card. 


20-ke. Carrier Amplifier. New 2- 
page Brochure CEC1550A illustrates 
and describes maker’s Type 1-127 car- 
rier amplifier system, a 4-channel 
amplifier for signals of 0-3000 cps. 
Can be used with companion gal- 
vanometer.—Consolidated Engineer- 
ing Corp., 300 N. Sierra Madre Villa, 
Pasadena 15, Calif. 

Circle $00 on inquiry card. 


Magnetic Tape Recording. New 9- 
page Bulletin 54-D describes maker’s 
magnetic-tape data recording equip- 
ment for computer, process and ma- 
chine tool control, and automation ap- 
plications.—Davies Laboratories, Inc., 

. 4705 Queensbury Rd., Riverdale, Md. 
Circle 501 on inquiry card. 


Galvanometer Amplifier, Force Pick- 
up. Two new 2-page data sheets de- 
scribe maker’s “Model 2609” galva- 
nometer amplifier for oscillography or 
tape recording. Also “Model 2101” 
dynamic force pickup used in investi- 
gation of forced vibration in complex 
structures.—Endeveco Corp., 689 S. 
Fair Oaks Ave., Pasadena, Calif. 


Circle $02 on inquiry card. 


Receiver Recorder. New 12-page 
Brochure E12-5 describes maker’s re- 
corder for pneumatic and electric 
transmission systems, including oper- 
ation and specifications.—Bailey Me- 
ter Co., 1050 Ivanhoe Rd., Cleveland 
10, Ohio. 


Circle §03 on inquiry card. 


Sweeping-Image Recorder. New 4- 
page Brochure 168-754 includes illus- 
trations of research pictures taken 
with synchronized streak camera. Al- 
so discusses optics, interpretation of 


INCORPORATED 








_ othe latest sie 


% 


0 the Ins 


Ke 


Instrof, the completely prefabricated method of supporting 
Instrument Tubing announces Tube Race, a simple channel 
section, specifically designed to provide an inexpensive yet 
permanent means for supporting and protecting a limited num- 
ber of tubes in branch runs to and from the “Main Line” Instrof 
System. 

Basically, Instrof Tube Race is a channel equipped with tube 
clips permanently installed during manufacture. It is designed to 
accommodate from two up to six %4” tubes or three or four 
%” tubes. 

The addition of Tube Race makes the present Instrof System 
capable of handling almost any tubing support problem which 
could conceivably arise. Instrof is relatively inexpensive too, 
and with low installation time and almost no maintenance it 
becomes an extremely economical system. 

For further information on how Instrof can help you save 
money and increase efficiency, write for the new Instrof Catalog. 
Ask for Bulletin 12-1. 


. aan 


LNs @ |) < 


4923 PENTRIDGE ST. 
PHILADELPHIA 43, PA. 


For more information circle 99 on nquity card, 
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NEW LITERATURE 


images, etc.—Beckman & Whitley, 
Inc., 1096 E. San Carlos Ave., San 
Carlos, Calif. 

Circle 604 on inquiry card. 





Electrosensitive-paper Power Unit. 
New 2-page bulletin describes and 
illustrates maker’s “Electrex” power 
unit for use with electrically-respon- 
sive charting papers.—Gorrell & Gor- 
rell, Haworth, N. J. 

Circle $06 on inquiry ard 


Tape Recorders. New 4-page Bul- 
letin AB3-1-4 describes maker’s line 
of two- and three-channel audio tape 
recorders for stereophonic sound and 
parallel recording.—Ampex Corp., 934 
Charter St., Redwood City, Calif. 

Circle $06 on inquiry card 


Data Display. New 4-page Bulletin 
1001 illustrates maker’s indicators for 
data display and transfer which uti- 
lize a conventional electrical circuit as 
its means of alphanumeric display and 
transmission.—Union Switch & Sig- 
nal, Pittsburgh 18, Pa. 

Circle $07 on inquiry card 

Graphic Recorder. New 2-page Bul- 
letin BR 100 describes maker’s servo- 
type graphic recorder “Series H C 
100” for research and testing applica- 
tions.—Hazatrol Corp., 215 Market 
St., San Francisco, Calif. 

Circle $08 on inquiry card 


RADIOACTIVITY 


Radioactivity Cells. New 10-page 
Bulletin 105 describes and illustrates 
More 
Oersteds 


per Dollar 
with the 


DIECRAFT 
ELECTROMAGNET 


1 @) 0) 3 ae 


DIMENSIONS: 
26” x 25” x 26” 


A low cost precision-built electromagnet designed 


for basic research. Ideal for: 


1. Both nuclear and electronic magnetic 


resonance experiments. 


Measurement of Hall and Zeeman effect. 


Wt.—1300 Lbs 


maker’s Ohmart cells for direct con- 
version of radioactive energy to elec- 
trical energy. Also includes data sheet 
for interface, level, and specific gravi- 
ty control applications.—Ohmart 
Corp., 2236 Bogen St., Cincinnati 14, 
Ohio. 
Circle 509 on inquiry card. 

Count Rate Meter. New 2-page data 
sheet describes Atomlab “Model AT- 
1” dual timer and “Model A-14” count 
rate meter which gives continuous me- 
ter indication of radioactivity rate of 
count.—Atomic Center, 489 Fifth Ave., 
New York 17, N. Y. 

Circle $10 on inquiry card 


OPTICS, PHOTOMETRY 


Industrial Periscopes. New 4-page 
Bulletin 301 describes maker’s indus- 
trial periscopes for viewing inaccessi- 
ble or dangerous areas.—Kollmorgen 
Optical Corp., 30 Church St., New 
York 7, N. Y. 

Circle $11 on inquiry card 


Transits. New 16-page Booklet A, 
“Adjustment of Gurley Transits,” de- 
scribes maker’s new cross-section 
transit, vertical circle verniers, two- 
vernier vertical circle, methods for 
making crosswires appear in center of 
field of view, balancing compass 
needle.—W. & L. E. Gurley, Troy, 
i 

e $12 on inquiry card 

Monochromatic Illuminator. New 4- 

page Bulletin 811 describes maker’s 


ultraviolet monochromatic illuminator 
designed for monochromatic illumina- 


tion at wavelength between 220 and 
440 millimicrons in ultraviolet range; 
used with microscopes, colorimeters, 
photometers; for transmission, ab- 
sorption, emission, radiation, fluor- 
escence, ete.—Farrand Optical Co., 
Inc., Bronx Blvd. & E. 238th St., N. Y. 
70, N. Y. 

Circle $13 on inqu 


iry card. 


Closed-circuit TV. New 4-page Bro- 
chure 3R2436 describes application of 
“TV Eye” closed-circuit television.— 
RCA, Engineering Prods. Div., Cam- 
den, N. J. 

Circle 514 on inquiry card 


Precision Optics. New 6-page Bul- 
letin SC-354 illustrates and describes 
maker’s optical instruments which in- 
clude microscopes, magnifier, medical 
spectacles, etc.—Testa Mfg. Co., 10130 
E. Rush St., El Monte, Calif. 

e $15 on inquiry card 


Microscopes. New 2-page Bulletin 
A-145 describes maker’s “Model A” 
microscope for nature study and in- 
dustrial work. Includes optical data, 
instructions, and prices.—Testa Mfg. 
Co., 10130 E. Rush St., El Monte, 
Calif. 

Circle $16 on inquiry card 


Microscope Illuminator. New 2-page 
bulletin describes maker’s “K-10” mi- 
croscope illuminator with wide-band 
light intensity control for all standard 
microsecopes.—Vistamatic Corp., 363 
S. Antonio Rd., Los Altos, Calif. 

Ciecle 517 on inquiry card 


Smoke Photometer. New 8-page Bul- 
letin JM-1000-A describes maker’s 
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Compact 
Sturdy 
Economical 


MINIATURIZED RECORDING DIGITAL COUNTER 


@ Accumulates and records in printed form digital information 
@ Accepts pulses at rates up to 100 CPM 


@ Prints on 2 inch wide tickets or standard 2% inch adding 
machine tape 


2 
3, Determination of magnetic susceptibilities. 
4, Studies of magnetic an‘sotropies. 


. 

© Automatic or manual reset available 

@ Both counting and printing circuits may be actuated by 
momentary closure of external contacts 

. Write for illustrated bulletin MD-13 

Write for 


Diecraft 
Bulletin 


E3 feat 410!) RAVENSWOOD AVENUE 





THE 


STREETER-AMET COMPANY ‘imei 


« CHICAGO 13, ILLINO'S ACCURACY 
SINCE 





Bronches in Pittsburgh, Allentown, Birmingham and Les Angeles 








For more information circle 100 on inquiry card. For more information circle 101 
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forward-scattering aerosol and smoke 

photometer for control applications | 
and air pollution studies.—Phoenix 
Precision Instrument Co., 3803-05 N. 
Fifth St., Phila. 40, Pa. 


Circle 518 on inquiry card. 


ANALYTICAL 


Gas Analyzers. New 20-page Bro- 
chure 0703-3 describes maker’s com- 
plete line of combustible-gas analy- 
zers and alarms. Includes principles 
and operation of bridges, filament 
circuits, analyzer systems, etc.—Mine 
Safety Appliances Co., 201 N. Brad- 
dock Ave., Pgh. 8, Pa. 

Circle 519 on inquiry card 

























Chromatographic Equipment. New 
24-page catalog describes and illus- 
trates distributor’s chromatography 
equipment—chromatocabs, electro- 
phoresis units, ionographs, absorbents, 
solvents, fraction collectors, densitom- 
eters, colorimeters, and spectropho- 
tometers.—Will Corp., Rochester 3, 
N. Y 




















Circle §20 on inquiry card. 





Direct-reading Spectrometer. New 
2-page Data Sheet DR-8-54 describes 
and illustrates maker’s “Atomcount- 
er” direct-reading spectrometer for 
rapid (less than a minute) analyses.— 
Jarrell-Ash Co., 26 Farwell St., New- 
tonville, Mass. 

Circle $21 on inquiry card 













Gas Analysis Kits. New 2-page Bul- 
letin 306 describes and illustrates 
“Kwik-Chek” gas analysis kits for 
rapid on-the-job determination of car- 
bon dioxide or oxygen in flue gases, 
furnace atmospheres and other gas 
mixtures.—Burrell Corp., 2223 Fifth 
Ave., Pgh. 19, Pa. 

Circle §22 on inquiry card. 














Spectrographic Standards. New 2- 

page “News Letter” (Vol. 1, No. 3) 

features articles on low-alloy steel 

spectrographic standards, and “Foto- 

marker” for printing identifying num- SPECIAL RS VALVES RESIST 

bers on photographic materials.—Jar- 

rell-Ash Co., 26 Farwell St., Newton- CORROSION ABRASION HEAT 
eco ene 


ville, Mass. 
Circle §23 on inquiry card. 









Where rugged processing conditions call for special handling, 











Pig ey nig 6 ay sl th R-S Butterfly Valves are designed and built to meet individual 
illustrates maker’s double-beam mi- requirements. Any type of metal or other material that can be cast 
crospectrophotometer for use with mi- or welded—even plastics—may be specified for valve bodies or parts. 
ee hah ae Badin. Special metals have been developed to withstand corrosion, abrasion, 
Mass. erosion, high heat and pressure. For certain types of corrosion, 
iia EBeiae inrliy-cate the R-S Rubber-lined Valve may be used. Every R-S Valve gives you 
the advantages of quick and positive closure with any type of controls, 
Gas Analysis. New 2-page Bulletin uniform control in normal regulating range, and minimum pressure 
703-A describes maker’s combustion- drop to save power. 





gas sampling system “A-2992” for 


removing condensate and solids, trans- When past experience offers no 











porting sample to instrument, and precedent, you can draw on 
provide for introduction of standard- our background in specialized valve Hydraulic I Gates & Hoists 
ization gases.—Arnold 0. Beckman, engineering to solve material problems. Turbines Trash Rak 
al 1020 Mission St., S. Pasadena, To find the proper valve for any Pune teen’ 
pega ee RT application, or for ful) information p 
on our full line of butterfly, cone 

Amperometric Titration Cell. New and ball valves, write to 
2-page Data Sheet 11285 describes S. Morgan Smith Company, 
maker’s “Precision-Shell” ampero- York, Pennsylvania. 






metric titration cell. Includes applica- 
tions and advantages when used with 
a polarographic instrument for ana- 
lytical investigations.—Precision Sci- 
entific Co., 3737 W. Cortland St., Chi- 
cago 47, Ill. 

¢ e 526 or 


Rotovalves Free-Discharge 
Ball Valves i Valves - 
Butterfly Controllable-Pitch 
Valves Ship Propellers 
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PHOTO 
EQUIPMENT... 
eared to 
> INDUSTRIAL 
8& SCIENTIFIC Uses 


FREE 55th Annual Catalog 


96 Poges crammed 
with THOUSANDS of 


x 
kag md ms 4 
r. yc 
| 


Newest Photo Tools, A bi. ig | 


Comeras (Press, Stu- 
dio, Candid, Special 
Purpose, etc.), Lenses, 
Projectors Lighting 
Equi Develop- 
ing ~ Enlargers, 
etc., for Ameteur — 
Professional in daily 
Scientific or indus- 
triel work. 


of all types! Special pur- 
pose, Photomicrography, Laboratory, NEW 
POLAROID LAND BACK, etc. 


LENSES — World's largest stock from 
: to 72". — All speeds, and types, 
special Mounts, Lenskoting, etc. 


FABORATORY EQUIPMENT — 
tainiess Steel Equipment, Dryers, etc. 


Write TODAY to. . . 


Burke « James, Inc. 


FINE PHOTOGRAPH EQUIPMENT SINCE 1a9e7 


3? $ Weboth Ave Ch a ee ec cr oe ee | 
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Answers to quiz 
on page 1965 


8.—b 

9.—a 
10.—d 
11.—d 
12.—a 
13.—a 
14.—b 


15.—b 
16.—a 
17.—b 
18.—a 
19.—d 
20.—a 


l.—c 
2.—a 
3.—b 
4.—d 
5.—a 
6.—c 
y Oe 








“As a comprehensive source book on in- 
~~ circuitry, this one will be hard 

beat”’ . Radio & Television News 
(Bept 1958 ) 


ELECTRONIC CIRCUITRY FOR 
INSTRUMENTS & EQUIPMENT 
By MILTON H. ARONSON 


Instruments Publishing Company 
845 Ridge Avenue 

Pittsburgh 12, Cee 
Enclosed is $ 


ef Aronson’s ELEC FRONIC CIRCU TTRY 
BOOK at $4.00 each, postpaid. 
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NEW LITERATURE 





X-ray Diffraction. New 16-page 
(Vol. 1, No. 7) issue of “Norelco Re- 
porter” features articles on X-ray 
spectroscopic determination of colum- 
bium and tantalum in rare-earth ores, 
use of acacia in preparing powdered 
specimens for X-ray diffractometer, 
etc.—North American Philips Co., 
Inc., Mount en ie 

Circle $27 on inquiry card 


Distillation Wattmeter. New 2-page 
Data Sheet 11470 describes maker’s 
“Visi-Watt” for use as accessories on 
either single or multiple unit “Front- 
View” distillation units for testing of 
petroleum products.—Precision Scien- 
tific Co., 3737 W. Cortland St., Chicago 
47, Il. 

Circle $28 on inquiry card 


Spectrograph. New 8-page Catalog 
EB-10-54 describes maker’s plane- 
grating spectrograph with order sort- 
er which provides wide wavelength 
coverage and good speed at high dis- 
persion and_ resolution. ee Ash 
Co., 26 snes a ., Newtonville, Mass. 

rcle $29 0 


juify cara 


Hydrometers. New 10-page Circu- 
lar 555 gives information on design, 
construction and calibration of hy- 
drometers and specifies NBS require- 
ments for their certification. Price 10 
cents.—National Bureau of Standards, 
U. S. Dept. of Commerce, Wash. 25, 
D. C. 

cle 530 


LAB APPARATUS 


Polyethylene Lab Ware. New 8-page 
Catalog A954 describes maker’s poly- 
ethylene laboratory ware, including 
dimensions and prices.—Palo Labora- 
tory Supplies, Inc., 81 Reade St., N. Y. 
sy em a 

Circle $31 on inquiry card 


Laboratory Supplies. New 8-page is- 
sue of “The Palo Retort” presents 
line of magnifying units, non-spark- 
ing stirrer, “Flexistur” paddle for 
narrow mouth flasks, electric steam 
generators, etc.—Palo Laboratory 
Supplies, Inc., 81 Reade St., New York 
7, i Be 

Circle $32 on inquiry card 


Lab Glassware. New 4-page bulletin 
describes and illustrates maker’s dis- 
tilling apparatus, manometers, con- 
densers, vacuum pumps, etc.—Glass 
Instruments, Inc., 301 Pasadena Ave., 
S. Pasadena, Calif. 

Circle $33 on inquiry card 


Laboratory Equipment. Nine new 
2-page data sheets include description, 
specifications and technical data on 
maker’s semi-automatic weighing ma- 
chine, electrical balances, exposure 
meters, micro manipulators, and pa- 
per electrophoresis equipment. 
Brinkmann Instruments, Inc., 378-380 
Great Neck Rd., Great Neck, L. L., 
oe 

Circle $34 on inquiry card 


3-Speed Stirrer. New 2-page Bul- 
letin 490 describes maker’s 3-speed 
stirrer with speeds of 500, 750, and 
1000 rpm.—Eberbach Corp., Ann Ar- 
bor, Mich. 
Circle $38 on inquiry card 


27 


Laboratory Carts. New 12-page il- 
lustrated Folder C2 9/54 describes 
maker’s special purpose carts and 
portable tables used in industrial lab- 
oratories.—Laboratory Construction 
Co., 1115 Holmes St., Kansas City, Mo. 

Circle $36 on inqu 


ry card 


Laboratory Equipment. New 8-page 
booklet describes and illustrates mak- 
er’s wide selection of economical 
standardized laboratory equipment.— 
Laboratory Furniture Co., Inc., Mine- 
ola, N. 

Circle $37 on inquiry card 


Centrifuge. New 2-page data sheet 
describes maker’s “Electrifuge Hema- 
tocrit Model 30” centrifuge with speed 
of 11,000 rpm.—C.S. & E. Div., Lab- 
line, Ine., 217-221 N. Des Plaines St., 
Chicago 6, Il. 

Circle 538 on inquiry card. 


Laboratory Equipment. New 4-page 
Bulletin CB-5-54 “Laboratory News” 
deseribes and illustrates maker’s line 
of scientific and industrial equipment 
including microtomes, microscopes, 
etc.—C. A. Brinkmann & Co., P. O. 
Box 532, Great Neck, L. L, New York. 

Circle $39 on inquiry card 


HUMIDITY, VISCOSITY 


Hygrometers. New 4-page brochure 
describes maker’s indicating hygrom- 
eter “Type HGS-HY-1”, microhy- 
grograph, and hygrothermograph for 
indoor or outdoor use.—Serdex, Inc., 
91 Cambridge St., Boston 14, Mass. 

Circle $40 on inquiry card. 


Viscometer. New 8-page brochure 
describes and illustrates application 
of maker’s rotating-spindle-type vis- 
cometers for laboratory, plant, and 
quality control.—Drage Products, Inc., 
406 32nd St., Union City, N. J. 

Circle $41 on inquiry card 


COMPUTING, 
DATA CONVERSION 


Analog Computers. New 24-page 
catalog presents principles, features, 
and operation of maker’s new “MC- 
400” small desk-side-size analog com- 
puter, including typical setups and 
solutions for process and design prob- 
lems. New 4-page brochure presents 
auxiliary “MC-600” 6-channel elec- 
tronic function generator. New 4-page 
booklet presents “MC-500” analog 
computer with 30 stabilized amolifiers. 
New 4-page brochure presents “MC- 
300” 6-channel recorder for use with 
analog computers.—Mid-Century In- 
strumatic Corp., 611 Broadway, New 
York 12, N. 

Circle $42 on inquiry card 


Digital Converter. New 4-page book- 
let describes maker’s digital convert- 
er for converting shaft position to 
digital notation or as an output de- 
vice for shaft positioning.—Norden 
Labs. Corp., Milford, Conn. 

Circle $43 on inquiry card 


Angular-data Transmitter. New 4- 
page folder describes maker’s new 
“Inductosyn” data transmission device 
having maximum errors of 5 seconds 
of are.—Farrand Optical Co., Inc., 
Bronx Blvd. & East 238th St., New 
York 70, N. Y. 

Circle $44 on inquiry card 














COUNTING, TIMING 


Counters. New 8-page bulletin de- 
scribes and illustrates maker’s count- 
ers which counts up to 99,999 for use 
on proof presses, shears, sheeting ma- 
chines, etc.—F. B. Redington Co., 112 
S. Sangamon St., Chicago 7, Il. 
Circle $45 on inquiry card. 


Frequency Counter. New 2-page 
bulletin describes and illustrates mak- 
er’s “DS-6100” electronic frequency 
counter which counts and displays 
electrical or mechanical events that 
can be converted to electrical im- 
pulses, from 10 to 100,000 events per 
second.—Detectron Corp., 5420 Vine- 
land Ave., North Hollywood, Calif. 
Circle $46 on inquiry card 


Stopwatches, Blueprint Scaler. New 
12-page Catalog 254 presents maker’s 
precision timing instruments includ- 
ing “Minerva” time pieces, “Curvi- 
meter” for scaling blueprints, and 
“Stop-Watch-Man” for holding a stop 
watch in action——M. Ducommun Co., 
580 Fifth Ave., New York 36, N. Y. 

Circle $47 on inquiry card 


Electronic Timer. New 4-page bul- 
letin describes and illustrates maker’s 
electronic timer for interval timing 
and timed delay on applications such 
as induction heating, machine-tool 
control, etc.—Ferrara, Inc., 8106 W. 
Nine Mile Rd., Oak Park 37, Mich. 

Circle §48 on inquiry card 


Electronic Counter. New 2-page data 
sheet describes maker’s “WE-110” 
electronic frequency meter and count- 
er that uses glow tubes for measur- 
ing angular speed, fuel flow, ete.— 
Westport Electric, 149 Lomita St., 
El Segundo, Calif. 

Circle 549 on inquiry card 


Dial Timer. New 4-page Bulletin 
N-80 describes maker’s “Duo-Set” tim- 
er for controlling on-off cycling of 
two independently-adjusted load cir- 
cuits in machine and process control. 

-Automatic Temperature Control Co., 
Inc., 5212 Pulaski Ave., Phila. 44, Pa. 

Circle 550 on inquiry card 


ELECTRONIC TEST 
EQUIPMENT 


Electronic Test Equipment. New 8- 
page Form F-671A General Catalog 
describes and illustrates new imported 
line of capacitors, capacitance meters, 
inductance meters, microvoltmeters, 
oscillators, distortion-factor meters, 
etc.—Federal Telephone and Radio 
Co., 100 Kingsland Rd., Clifton, New 
Jersey. 

e 551 


Electronic Test Equipment. New 4- 
page Booklet FL-9-54 introduces mak- 
er’s new “Shasta” line of electronic, 
integrated test equipment—vacuum- 
tube voltmeters, oscillators, square- 
wave generators, resistance bridges, 
power supplies, etc——Shasta Div., 
Beckman Instruments, Inc., 1432 Nev- 
in Ave., Richmond, Calif. 

Cir e §§2 on inauiry sra 


Spectrum Analyzer. New 4-page 
brochure describes maker’s microwave 
spectrum analyzers and X-band micro- 























and 
testing 


problems 
by 


EMERY force-measuring systems 


Emery load cells offer the fundamental solution to any 
force-measuring or weighing problem. 

Operating on simple, basic physical principles, Emery sys- 
tems are maintenance-free. Some units have been in service 
over 25 years without even recalibration! 

RANGES: 0 - 10,000,000 pounds .. . ACCURACY: 1/10 
of 1% of range .. . RESPONSE: less than 12 second... . 
TYPES: self-contained hydraulic, open-flow hydraulic, pneu- 
matic . . . CELL DEFLECTION: less than 0.005” .. . 
APPLICATIONS: Weighing, Jet Engine Thrust, Brake 
Testing, Torque Measurements, Strength of Materials, Pro- 
cess Control, Tank Weighing, Platform Scales, Etc. 

Since 1872, Emery Force-Measurement Systems have been 
lowest in initial cost, in operating cost, and require no 
maintenance. 

Write today for information on stock or specially designed 
systems to solve your force-measuring problems. 


THE A. H. EMERY COMPANY, NEW CANAAN 3, CONN. 


Please send me 
[} Literature on hydraulic weighing 
[} Literature on pneumatic weighing 
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— 
a - oars > - 
se SO 
¢ information circle 104 on inauiry card 


December 1954—Instruments & Automation—Page 1985 























TEST CHAMBERS 


HIGH & LOW 
TEMPERATURES 
CONTROLLED 
HUMIDITY 
© +200° F, to -150° F. 

© 20% to 95% RH. 


1 cu. ft. to 75 cu. ft. 
cabinets 


Walk-in Rooms 
Temperature Baths 


Electronic or pneumatic 
recording or indicating 
control system 


CUSTOM CHAMBERS 
built to specifications. 


Years of satisfactory service! 


52 Washington Avenue 
Carlstadt, New Jersey 








RETONVU 


MACHINES for 
I NUMBERING 
it MARKING 


The e camprete 


machines 


RS 


1. ‘> 


Model WN 
Numbering Ma 
(hana 
tyle)—all nur 


HERCULES HOLD-§f 
ERS and Shoulder 
Style Steel type for 
ae Te numbering. 


hines 


ACROMARKER Name Plate Stamping 
chines are made in several models and size 
5 hand and foot operation. 


Write for latest illustrated literature 


NERD) MARK | 


3-11 MORRELL ST. 
; ELIZABETH 4, NEW JERSEY 
‘The Original Marking Specialists’’ 
a ea eee ee ee 
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HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 47 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy 
Comparatively 
inexpensive. 


ry 
Illustrated 


bulletins 
free 


The Shore Instrument 
& Mfg. Co., Inc. 


90-35 Yan Wyck Expressway 
Jamaice 35, N. Y. 
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NEW LITERATURE 





wave analyzer, a unit with vernier- 
micrometer transmission wavemeter 
and calibrated input attenuator.—Vec- 
tron, Inc., 400 Main St., Waltham 54, 
Mass. 

Circle $83 on inquiry card 


Circuit Analyzer. New 8-page book- 
let presents description and illustra- 
tions of maker’s universal, automatic, 
electrical-circuit analyzer for testing 
complex electrical systems of modern 
aircraft.—DIT-MCO, Ine., 505 West 
Ninth St., Kansas City, Mo. 

Circle $54 on inquiry card 


Corona Testing Equipment. New 8- 
page Bulletin 66-89 describes and il- 
lustrates maker’s testing equipment 
including “Model 1” test set consisting 
of a transformer and control unit 
used for nondestructive evaluation of 
electrical insulation.—James G. Bid- 
dle Co., 1316 Arch St., Phila. 7, Pa. 

Circle 555 on inquiry card 


Signal Generators. New 4-page is- 
sue “Hewlett-Packard Journal” (Vol. 
5, No. 12) features articles on ad- 
vanced performance in two new VHF 
i? generators. — Hewlett-Packard 
275 Page Mill Rd., Palo Alto, 

Circle 5£6 on inquiry card 


Electronic Supplies. New 16-page 
1954 fall issue of “This Month” lists 
complete line of amplifiers, capacitor 
decades, decibel meters, gages, gener- 
ators, potentiometers, etc., available 
from distributor.—Herbach & Rade- 
man, Inc., 1204 Arch St., Phila. 7, Pa. 

Circle $57 on inquiry card 


Electronic Equipment. New 12-page 
Catalog 15 describes and illustrates 
maker’s grid dip meter cathode ray 
oscilloscopes, absorption wavemeters, 
r-f. power amplifiers, components, ete. 

James Millen Mfg. Co., 150 Ex- 
change St., Malden, Mass. 

Circle §58 on inquiry card 


ELECTRICAL, ELEC- 
TRONIC INSTRUMENTS 


Pulse Generators. New 6-page bro- 
chure describes maker’s line of uni- 
tized pulse control equipment with a 
frequency range from 15 cycles to 
4.5 megacycles.—Burroughs Corp., 
Electronic Instruments Div., 1209 Vine 

t.. Phila. 7, Pa. 

Circle 559 nir 


Displacement Pickup. New 2-page 
bulletin describes and illustrates mak- 
er’s differential transformer amplifier 
“Model 400” for dynamic study of 
physical phenomena.—Daytronic 
Corp., 216 S. Main St., Dayton, Ohio. 

le $60 on inquiry card 


Panel Indicators. New 2-page illus- 
trated bulletin describes maker’s 
“Model 152” sealed square panel in- 
dicators (milliammeters) for front or 
rear panel mounting.—DeJur-Amsco 
Corp., 45-01 Northern Blvd., Long Is- 
land City 1, N. Y. 

Circle $61 on inquiry card 


RF Heads. New 4-page bulletin pre- 


sents maker’s “25 Series” K-band r-f. 





heads for use with spectrum analyzer. | 
-Vectron, Inc., 400 Main Street, Walt- | 
ham 54, Mass. 
Circle $62 on inquiry card 


Chassis Slide Plates, Handles, Seal 
nuts. Three new 2-page bulletins de- | 
scribe maker’s (1) chassis slide plates | 
for mounting chassis in racks; (2) 
black vinyl-coated handle with mount- 
ing plate; (3) a complete line of “Seal- | 
nuts” for mounting and sealing 
switches, potentiometers, etc.—Radio | 
Frequency Laboratories, Inc., Boon- | 
ton 13, N. J. 


Circle $63 on inquiry card. 


Synchro Alignment Set. New 4-page | 
booklet describes maker’s synchro | 
alignment test set for laboratory pro- | 
duction testing of electrical zero align- 
ment of synchros and resolvers.—Nor- 
den Laboratories Corp., Milford, Conn. 

Circle $64 on y card 


POWER SUPPLIES Re | N, send for 
Converters, Inductor Alternators. ee 2 | \ ets rel Lote 


New 20-page illustrated Catalog 553 
giving complete electrical and mechan- 
ical specifications on maker’s d-c. to 
a-c. converters and inductor alter- 
nators. Includes selector chart.—Car- 
ter Motor Co., 2644 N. Maplewood 
Ave., Chicago 47, IIl. 

Circle $65 on inauiry card | K ARN - CHEMICAL - EQUIPMENT - COMPANY 


Power Supplies. New 2-page Data | ; 

Sheet CEC-1543 presents maker’s low- | 918 DICKSON AVENUE - PITTSBURGH 2, PA. 
voltage power supply Type 3-132 for | 

0-15 volts at 0-1 amp.; 2-page Data 
Sheet 1544PL presents Type 3-122A 
power supply for 24-v. d-c. applica- 
tion.—Consolidated Engineering Corp., 
33 N. Sierra Madre Villa, Pasadena 
15, Calif. 

Circle $66 on inquiry card 





Dynamotors. New 2-page Bulletin 
653A describes maker’s “Change-a- 
volt” dynamotor for 6 volt mobile 
radio operation. New 4-page Price 
List 400 (May, 1954) contains models 
and prices of large line of converters, 
dynamotors, generators, etec.—Carter 
Motor Co., 2644 N. Maplewood Ave., 
Chicago 47, Ill. 

Circle $67 on inquiry card 


Selenium Rectifiers. New 8-page 
Bulletin SR-1A describes and _illus- 
trates maker’s “Microstak” selenium 
rectifiers and selenium diodes. In- 
cludes construction, applications, 
types, ratings, reference curves, d-c. 
characteristics.—International Resist- 
ance Co., 401 N. Broad St., Phila. 8, 
Pa. | 

Circle $68 on inquiry card 


Voltage Stabilizers. New 16-page 
Catalog 4-260 describes maker’s line 
of line-voltage stabilizers.—Raytheon 
Mfg. Co., Dept. 6120-PR, Waltham 54, 
Mass. 





Circle $69 on inquir 


Power Supply. New 2-page bulletin 
describes maker’s super-precision 
power supply “Model D3-300-E” which | 
provides regulation for a wide variety | 
of applications involving d-c. voltage. | 
—Dressen-Barnes Corp., 250 N. Vine- 
do Ave., Pasadena 8, Calif. 

Circle $70 on inquiry card 


Electrical Panel. Two new 2-page { 
specification sheets describes maker’s Pi i ines soit : iets 
For more information circle 109 on inquiry card. 
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MANUFACTURERS OF 
Standard Signal Generators 
Pulse Generators 
FM Signal Generators 
Square Wave Gener ators 

Vacuum Tube Voltmeters 
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Tv 6 FM Test Equipment 
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SPECIFICATIONS 
FREQUENCY RANGE: 5 to 100,000 cycles. 
WAVE SHAPE: Rise time less than 0.2 microseconds with neg- 
ligible overshoot. 
OUTPUT VOLTAGE: Step attenuator giving 75, 50, 25, 15, 
10, 5 peak volts fixed and 0 to 2.5 volts continuously variable 
SYNCHRONIZING OUTPUT: 25 volts peak. 
R. F. MODULATOR: 5 volts maximum carrier input. Trans- 
lation gain is approximately unity—Output impedance is 600 
ohms. 
POWER SUPPLY: [17 volts, 50-60 cycles. 
DIMENSIONS: 7°’ high x 15°° wide x 7'/2"' deep overall. 


MEASUREMENTS CORPORATION 


BOONTON NEW JERSEY 


TANKOMETER 


FOR MEASURING TANK 
CONTENTS ANY DISTANCE AWAY 































TANK MAY BE BURIED, 
ELEVATED, OPEN, 
CLOSED, VENTED OR 
UNDER PRESSURE OR 
VACUUM 


| 

Minimize the factors of error in Temperat 
| Instrument Test Procedures 
| 

| 





@ Permit accurate test without wa de- 
tecting element from well 4 














Eliminate the use of separate 
test wells 

















ALSO... 





- UEHLING INSTRUMENT CO. 44 Westld Ave, fest tesla Park Now Joray 















HYDROSTATIC GAUGES 


FOR ALL PURPOSES 
PRESSURE * VACUUM ¢ DRAFT Me f edt 
DEPTH & ABSOLUTE PRESSURE | 
DIFFERENTIAL PRESSURE 
MERCURIAL BAROMETERS KR 5 
SEND FOR BULLETINS et the 


@ Reduce the cost of 
Test Procedure 








Write for Bulletin 541 





3025 


Two holes are provided Pe ee 2 


The Primary! hole 


Secondary hole 


TRINITY EQUIPMENT CORPORATION 









470 GETTY AVE., PATERSON,N.J 
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NEW LITERATURE 











“Mellaphone” portable electrical panel 
for supplying currents and voltages 
for operating low-voltage devices.— 
Electronic Rectifier Co., Inc., Roches- 
ter 2, N. Y. 

Circle $71 on inquiry card 



















Voltage Regulator. New 8-page bro- 
chure describes maker’s “Type 1101” 
Recostat Generator-Voltage Regulator 
which consists of stabilizing network, 
generator-voltage detector, transistor, 
magnetic amplifier, etc—Regulator 
Equipment Corp., Paterson, N. J. 

Circle $72 on inquiry card 












Power Supplies. New 8-page Bul- 
letin EB-2 (March 1954) describes 
and illustrates maker’s regulated d-c. 
power supplies, including laboratory 
precision and standard, twin units, 
fixed output and custom designs.— 
Universal Electronics Co., 2012 South 
Sepulveda Blvd., Los Angeles 25, Calif. 

Circle $73 on inquiry card 






Power Supply. New 2-page Bulletin 
10M854 (Vol. 2, No. 4) describes and 
illustrates maker’s power supply for 
tests requiring an output of 5-500 
volts at 0-1 milliampere.—Keithley 
Instruments, 3868 Carnegie Ave., 
Cleveland 15, Ohio. 

Circle $74 on inquiry card 


Power Supply. New 4-page Booklet 
54-4 describes maker’s “Model 71” 0- 
500-volt portable power net, 
Lambda Electronics Corp., 103-02 
ee Bivd., Corona 68, N. Y. 
rcle §7§5 on inquiry card 











DC Power Supplies. New 4-page 
Bulletin 8000 describes maker’s mag- 
netic-amplifier selenium-rectifier reg- 
ulated d-c. power supplies with rat- 
ings from 5 to 50 kw.—Vickers Elec- 
tric Div. Vickers, Inc., 1815 Locust St., 
St. Louis 3, Mo. 

Circle $76 on inauiry card 




















Rectifier Kits. New 2-page price 
list covers maker’s selenium-rectifier 
kits for from 1.5 ma. at 3700 volts 
peak inverse to 10 amps at 222 volts 
peak inverse.—Bradley Labs., Inc., 
168 Columbus Ave., New Haven 11, 
Conn. 






e $77 on inquiry card 


GRAPHIC CIRCUITS 


Printed Circuits. New 8-page bul- 
letin covers maker’s terminals, ter- 
minal boards, and etched and printed 
circuits. Illustrates production meth- 
ods for graphic circuits.—U. S. Engi- 
neering Co., 521 Commercial St., Glen- 
dale 3, Calif. 

















e 578 on inquiry card 





Printed Circuit Kit. New 4-page 
Zulletin 3547 describes maker’s “S31 
Basic Lab Kit” which includes elec- 
trically conductive coatings and ac- 
cessories, shielding paints, magnetic 
paints, ete.—Micro-Circuits Co., New 
Buffalo, Mich. 

Circle $79 on inquiry card 























Etched Circuits. New 2-page bul- 
letin describes maker’s etched circuits, 
including construction and applica- 
tions.—Anderson & Sons, Inc., West- 
field, Mass. 

Circle £80 









































RESISTORS, 
POTENTIOMETERS 


Wire-Wound Resistors. New 32- 
page catalog describes maker’s preci- 
sion wire-wound resistors. Includes | 
charts and data on various types of 
hermetically sealed, encapsulated and 
subminiature resistors—Daven Co., | 
191 Central Ave., Newark 4, N. 

Circle $81 on inqu ar 









FOSTER 


Type P 
PUMP 
GOVERNORS 

















Potentiometers. New 2-page Bul- Foster manufactures a complete line of 

















at} <4 Deri . ; sty » ‘ “ 
letin 4530 describes and _ illustrates self-contained, pilot-operated pump gov- 
maker’s line of miniature linear-mo- f Hi disch 
tion potentiometers, high-range differ- ernors Or contro ng ore arge pressure 
ential, absolute-pressure potentiome- of reciprocating or turbine driven pumps 
+ pe ey Laboratories, 6135 in constant pressure, differential pressure, 
Magno sg i ake Calif. excess pressure or vacuum service. On mo- 

Uircie 3 On inguiry card e ° 

tor driven pumps, Foster Relief valves are 
; ahr gpa aps ki w 4- pre. ole leaflet available in either constant or excess pres- 
describes and illustrates maker’s mi- : cana) . 
r llation in th ischar 

crofriction potentiometer for remote ore type for installatio e discharge 
control and indicating in aircraft, Piping. 






guided missiles, laboratory research, F F . 
etc. Also includes 2-page data sheet These valves have wide, easily adjusted 


on “Multipot H4” potentiometer.— | pressure ranges, and like all Foster valves, 

American British Electric Corp., 57 | ore designed and built for long life 

Park Ave., New York 16, N. Y. ith 28 f at d 

I tis il with a minimum of maintenance and are 

, te iM a easy to service when necessary, Ask for 
Jecade Resistors. New 2-page Bul- | B ; 
. . - ulletin P-101. 

letin RP-854 describes maker’s decade 

resistors “Models RDA, RDB, RDC” | 

for electrical and electronic applica- | 


tions.—Cornell-Dubilier Electric | 
J. FOSTER ENGINEERING COMPANY 


Corp., South Plainfield, N. 







































Circle 584 on inquiry card 835 LEHIGH AVENUE UNION, N. J. 
Resistors. New 2-page Bulletin F-3 | ” 
describes maker’s “Type HFR” high- ire: 
frequency resistors for use in circuitry AUTOMATIC VALVES «¢ SAFETY VALVES * FLOW TUBES 
requiring excellent frequency response 
For more information circle 113 on inquiry card 






over a wide band of frequencies.—In- | 

ternational Resistance Co., 401 N. 

Broad St., Phila. 8, Pa. | Over 85% of the torque wrenches 
cle 585 on inquiry card used in industry are 


| r------ 


Save time 


ipeeet 


in your own shop 

















Hermetically-sealed Resistors. New | 
2-page Bulletins C1031 and C1034 de- | 






pil and illustrate hermetically- 

sealed resistor networks and “PW” 

resistors (for automation and printing | 

wiring) encapsulated in cast epoxy.— | 

Cinema Engineering Co., 1100 C hest- 

nut St., Burbank, Calif. 
Circle 586 on inquiry card 









Lowest set-up time 


for unskilled labor 

















Rheostats. New 2-page issue of 2 raaialll esate 

» “Ohmite News” (Aug.-Sept. ’54) de- 
scribes and illustrates rheostats used 

for lamp dimming and rheostat tan- 

dem coupling kits consisting of a steel 

“U” frame, mica washer, coupling, 

Allen wrench and assembly instruc- 
tions.—Ohmite Mfg. Co., 3603 Howard 

St., Skokie, Il. 

Circle SBF on inquiry card @ All Capacities 













@ Practically indestructible 










@ Faster—Easier to use 










@ Automatic Release 











































Power Resistors. New 4-page Bul- | } 

letin 50 describes maker’s power re- id Jack orm. teal ; i 

sistors, including lug, adjustable, lead, h d i 4 

oval, ferrule and made-to-order types. bbc bial tarhiade ¥ 4 ; 

—R. C. L. Mfg. Co., St. Mihiel Drive, -Toot pounds 7 } Ij i H 

Riverside, N. J. (All sizes from fs i! : i 
Circle 588 on inquiry card 0-6000 fr. he. Lf) § Tomes = te ALIBRATIONS ! PROFILES yet RVED SURFACES 


10,000 in use. The speediest, most ver- 







RELAYS, SWITCHES 


Hermetically-Sealed Relay. New 4- 
page Bulletin GEA-6211 describes 


satile portable engraver. Only the 
NEW HERMES has these features: 










manufacturer, 
design and * Adjustable for 15 ratios, * Self-centering 


































maker’s hermetically -sealed, submin- no a ble f , 
iature relay for electronic applications. should have clding vise. * Automatic depth regulator. 
—General Electric Co., Schenectady this valuable * Adjustable copy holders. 
5,N. Y data. Sent upon 

9 IN. request. Susi Seen to onthe bata OF 


cle 589 o nquiry sra 


NEW HERMES ENGRAVING MACHINE CORP. 
13-19 University Place, New York 3, N. Y. 


For more information circle 114 on inquiry card For more information circle 195 on inquiry card 





Time Delay Relays. New 2-page 
Bulletin TD401 describes maker’s | 
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Weighing 
Systems 


by 
Pneumatic 
Force Balance 








PROVIDE AUTOMATION FOR THE CONTINUOUS 
OR BATCH PROCESS. 


A complete line of weight transmitters in single and multiple dia- 
phragm construction with load capacities up to 23,000 pounds per 
diaphragm. Pneumatic tare balance for any portion of the total load 
on all models. All moving parts are enclosed totally. Complete weigh- 
ing systems designed to your requirements. 


WRITE FOR CATALOG 


JOHN R. MONSELL COMPANY 
Pitman, N. J. 











ENGRAVING 


MACHINES 
FLOOR 
and 
BENCH 
MODELS 


Highly efficient precision machines 
for engraving steel, other metals and 
plastics. 


You're always safe in 
buying PREIS-*PANTO 
Engraving Machines and 
Accessories. Several 
models available for 2 
and 3 Dimensional En- 
graving. 


Write for catalog and prices 





*TRADE MARK 
PA Te Reg. U. S. Pat. Off. 
H. P. PREIS Engraving Machine Co. 
661 U. S. Highweoy 22 Hiliside, N. J. 


























High Precision Optica, Compo. 
NENTS Any Size For 
Astronomical and Physical 
Research 
a 
Parabolic, Spherical, Ellipsoidal 
and Plane Mirrors 
e 
Plane Parallel PLates 
e 
SCHLIEREN SYSTEMS 
oe 
Wind Tunnel Optics 
6 
Lenses & Prisms of Glass 
Natural or Synthetic 
CRYSTALS 
e 
Complete Optical and Mechanical 
INSTRUMENTS 
e 
Made to Specifications 
* 

High Vacuum Coating 
* 


John Unertl Optical Co. 


3551-3555 East Street 
Pittsburgh 14, Penna. 














For more information circle 197 on inquiry card 


Page 1990--Instruments & Automation 


Vol. 27 


rcle 118 on inquiry card. 


“Series 6400, 11400, and 24300” ad- 
justable, hermetically-sealed, time-de- 
lay relays.—A. W. Haydon Co., Water- 
bury, Conn. 

Circle $90 on inquiry card 


Multipole Switches. New 12-page 
illustrated Catalog 8054-IN describes 
and illustrates maker’s “Types P and 
JR” rotary, multipole switches, In- 
cludes wiring diagrams and contact 
charts for voltmeter, ammeter and 
voltmeter-ammeter switches,—Electro 
Switch Corp., Weymouth 88, Mass. 

Circle $91 on inquiry card 


HF Crossbar Switch. New 2-page 
bulletin 10MCH454 describes and pic- 
tures maker’s high-frequency crossbar 
switch for telephony, telegraphy, in- 
ter-communication and computer sys- 
tems.—James Cunningham Son & Co., 
Inc., Dept. P., 13 Canal St., Rochester 
S, N.Y. 

Circle $92 on inquiry card 


ELECTRONIC 
COMPONENTS 


Electronic Supplies. New 196-page 
Catalog 58 lists thousands of elec- 
tronic products, components and 
equipment, including 64-page high- 
fidelity section, electronic items, aug- 
mented industrial equipment and ap- 
paratus section.—Newark Electric Co., 
223 W. Madison St., Chicago 6, Il. 

Circle 593 nN inguiry card 


Germanium-Diode Recovery Time. 
New 8-page Brochure G2A is treatise 
on “Recovery Time Measurements of 
Point-Contact Germanium Diodes.” 
Includes electronic principles, test cir- 
cuits, and technical discussion.— 
Hughes Aircraft Co., Semiconductor 
Div., Culver City, Calif. 

Circle 594 on inquiry card 


Plastic Film Capacitors. New 4-page 
Bulletin 154 describes maker’s minia- 
ture plastic film capacitors.—Elec- 
tronic Fabricators, Inc., 682 Broad- 
way, New York 12, N. Y. 

Circle 595 on inquiry card 


Capacitors. New 4-page Catalog C-6 
describes maker’s “Hy-Therm” sub- 
miniature, hermetically-sealed capac- 
itors for applications requiring high 
insulation resistance and stability at 
high temperature.—Hopkins Engi- 
neering Co., 2082 Lincoln Ave., Alta- 
dena, Calif. 

Circle 596 on nquiry ara 


High-voltage Connectors. New 
page catalog sheet describes maker’s 
“Series 800” precision high-voltage 
connectors for “AN 36” shell used for 
eritical high-voltage applications.— 
DeJur-Amsco Corp., 45-01 Northern 
Blvd., Long Island City 1, N. Y. 

Circle $97 on ing 


Juiry card, 


Variable-ratio Transformer. New 6- 
page brochure describes new “Verni- 
stat,” a precision variable-ratio trans- 
former. Includes performance curves 
and application in computer and servo 
systems.—Vernistat Div., Perkin-E]l- 
mer Corp., Norwalk, Conn, 

Circle $98 on inquiry card 


Current, Potential Transformers. 
New 1-page Bulletin 2004 describes 
and illustrates maker’s precision 
multirange current transformer, test 
set for watthour meters, potential 














transformer, etc.—Electrical Facili- 
ties, Inc., 4224 Holden St., Oakland 8, 
Calif. 









e 599 on inquiry card 








Transformers. New 8-page Review 
2001-A covers maker’s tapping switch- 
board panel, soldering leads, assem- 
bling rectifier equipment, current 
transformers, reactors coils, ete.— 
Electrical Facilities, Inc., 4224 Holden 
St., Oakland 8, Calif. 

Circle 600 on inquiry card 
















ap a W000 ( 


















Transformers, Reactors. New 24- 
page Catalog B describes and illus- 
trates maker’s line of transformers, 
reactors, broadcast and recording 
equalizers, and filters.—United Trans- 
former Co., 150 Varick St., New York 
13, N. Y. 

Circle 601 










Model 745 
4\4"' Semi-Flash 





















Famous names choose Burlington 
for consistent quality and prompt 
service. Burlington offers the widest 
range of VU meters—from 11}.” to 
41," in a variety of case materials 
pe styles including bakelite, metal, 
hermetically sealed and sealed 






















Toroid Transformers. New 2-page 
descriptive bulletin (August 1954) 
presents description, specifications and 
uses of maker’s “Series STI-ST4” min- 
iature toroid transformers.—Mico In- 
strument Co., 80 Trowbridge St., Cam- ruggedized. Square, Round, 
steed werd yen Rectangular and Fan-shaped. 

Sotaay epioyatnatt | Standard meters of every description, 

Connectors. New 8-page issue of WRITE FOR CATALOGUE NI “If you don’t see it—ask for it"— 
“Amphenol Engineering News” (Vol. | Shows cases, ranges, prices 
7, No. 6, Nov. 1954) features articles | 
on blue ribbon connectors, tele-coup- 
lers, pulse generators, etc.—American 
Phenolic Corp., 1830 S. 54th Ave., BURLINGTON INSTRUMENT COMPANY 


Chicago 50, Ill. 
le 608 on thaviry cacd 131 N. Third St., Burlington, lowa 


PLASTICS, TUBING 

























CUSTOM BUILT TO SPECIFICATION 
Plastic Tubing. Two new 6-page For more information circle 19% on inquiry card 
folders describe distributors’ “Tygon” 


flexible plastic tubing which is un- mine 
affected by most acids, alkalies, oils, | MARTI NDALE l. 10 

































ete. Includes maker’s complete line of 
heating mantles with aluminum hous- 


ings.—Boder oe Co., 719 Lib- | 
erty Ave., Pgh. 22, Pa. DEMAGNETIZER MODEL 0-3) PRESSURE 


Circle 604 on inquiry card 
i Y j Bulletin ; 1 A G & $ 


Plastic Pipe. New 6-page 
‘ 80-A describes and illustrates maker’s 
chemical-resistant ‘Dur-Ace” plastic 
pipe, fittings and valves for processing 
industries, farming, and general in- 
















Fine pressure gages should also 
} 2a 





be safe gages. 






7 dustrial use.—American Hard “ea 
Co., 938 Worth St., New York 13, . 
Circle 605 on inquiry card | Gages so built that in case of 


tube rupture no one will be in- 





Flexible Plastic. New 2-page bul- 
letin describes maker’s “Gravoflex’ 
flexible, shatter proof, stain-resistant | 
plastic which can be sheared, punched, 
stapled, stamped, etc.—Hermes Plas- vege aii re 

| 
| 





jured. 









The Acragage has always been 






the safe gage, the gage with the 
solid front and full area blow- 


tics, Inc., 13-19 University Place, New This tool quickly and easily re- 


York. 8, N.Y: A 
: aa ee eee | moves magnetism from cutting |) 
tools such as cutters, drills, J) 0°! disc. 






Extruded Plastics. New 4-page Bul- | 







letin AP 55 RM illustrates variety of saws, etc.. and thus keeps the 
. . | * *s - m ’ = 
shapes, rods, strips, and tubes which ‘ I Catalog M-50 tells more about 
can be custom extruded from thermo- free from chips and metal-sliv- ; ACR 
. | the safe ACRAGAGE. 








plastics. Includes general specifica- 
tions of various types.—Anchor Plas- 
tices Co., Inc., 36-36 36th St., Long : P 

Island City 6, N. Y. Cuts cost of tool maintenance. 


Circle 687 on inauiry ca Write for 64-Page Catalog No. 29 
describing many products for Industrial Sd, ACRAG AGE 
: Maintenance, Safety and Production. e 


Plastic Tubing. New 6-page bulletin | 


ers that reduce production. 






Send for your copy today. 










































describes Py an poe Atco ger . 
Scull gelpetipines plastic tubing MU Corporation 
oe Neesk Sy mearette | Ey cee tet Acces, Gates, Ge WAMPUS LANE + MILFORD, CONN, 

Circle 608 on inquiry card ~nccenecauoccaecsgscuccoeegnscoccesssnconocneanty 

For more information circle 120 on inquiry card ) nformation circle 1213 on inquiry card 
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EARCHLITE 
EC TION 


CLASSIFIED ADVERTISING 
EMPLOYMENT & BUSINESS OPPORTUNITIES 
The advertising rate is $12.00 per inch for all 
advertising (An advertising inch is measured 1% 

Inch vertically by 2'4, inches wide.) 


Send advertisements to INSTRUMENTS & 


os 845 Ridge Ave., Pittsburgh 
12, Pa. 





TYPE 9205 DEGAUSSER 


Noise & program erasure. Use the best. 
Cinema’s Buik-Tank Type Degausser 9205. 
Economically priced. Buy yours today. 


CINEMA ENGINEERING CO 


n 


To” Gara Tr ee 
“Tore ‘oidal; 


BALDWIN, L.I. N.Y 





INSTRUMENT MECHANICS 
Large oil refinery in St. Louis area 
requires services of experienced In- 
strument Mechanic. 

Applicants must be experienced in 
repairs and maintenance of elec- 
tronic and pneumatic control in- 
struments. 

Box 281, Instruments Publishing 
Company, 854 Ridge Avenue, Pitts- 
burgh 12, Penna. 








Announcing 
New 
improved 
“Universal” 


AUTOMATIC 
ENGINE 
CONTROLLER 


“Improved automat- 

ic panel for control 

of gasoline or diesel 

engine driven under- 
writers centrifugal 

fire pump. Provides 
complete cranking 
control, safety alarm, 
tri-weekly automatic 

test with chart record. Panel is cubicle mounted 
and relays are plug-in type." 


ALEXANDER F. BARRON 
53 W. Jackson Bivd., Chicago 4, Ill. 


For more information circle 126 on inquiry card. 


y 
| 








we a 
FLOW INDICATORS > —™ 


All sizes up to 6 
wigs |S) ma OF VOle 


ERNST 
Water Column & Gage Co. 


LIVINGSTON, N. J 


For more information circle 127 on inquiry card. 





GAGE GLASSES AND 


High Pressure Rubber Gaskets 
ALL SIZES TO FIT YOUR GAGES & VALVES 


ERNST beh ned COLUMN & GAGE co. 
Send for Ca LIVINGSTON, N. J. 





For more information circle 728 on inquiry card. 








Hand 
0- TACHOGRAPH 
Draws Graphic Speed Charts 
RPM, FPM—FLUCTUATIONS 
: 30-48000—Aceuracy 0.5% 
“o Write for Cireulars 


O. ZERNICKOW CO. 


21 Park Row, New York 38, N. Y. 




















New 60-page 1954 catalog on 
Paint Testing Instruments 


now ivailoble 


Il be sent on request 


GARDNER LABORATORY, INC 


Bethesda 14, Md 


For more information circle 125 on inquiry card. 





For more information circle 129 on inquiry card. 


RKtnetie 
Leak Detector 


~& PORTABLE LEAK DETECTOR 
FOR FIELD AND PRODUCTION 


sxstromnens tess ENGINEERING 
Re | KINETIC COMPANY 
<a M 217 Delaware Trust Building 
toon Wilmington 1, Delaware 


For more information circle 130 on inquiry card. 








WANTED- 
tive or Distributor with clien- 


-Sales Representa- 


tele among Industrial concerns 
who are prospects for time sav- 
ing Electronic Equipment. We 
manufacture a high grade med- 
ium ticket article that is in high 
favor with users for inspection 
and other purposes. Box 282, 
Instruments Publishing Compa- 
ny, 845 Ridge Avenue, Pitts- 


burgh 12, Penna. 
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MAGNETS 


Permanent Magnets. New 8-page 
issue of “Applied Magnetics” (Vol. 2, 
No. 6) features articles on “Magnetic 
Domains” and “Will the Permanent 
Magnet Replace the Mechanical 
Latch ?”.—Indiana Steel Products Co., 
Valparaiso, Indiana. 


Circle 609 on inquiry card 


FABRICATION, TOOLS 


Fabrication, Assembly Facilities. 
New 20-page brochure “More Dollars 
From Less Space” gives suggestions 
on improving the efficiency of any de- 
partment, setting up work space, 
planning a new product, etc.—Alden 
Research Center, Westboro, Mass. 

Circle 610 on inquiry card. 


Engraving Machine. New 4-page 
bulletin describes maker’s Model D-2 
heavy-duty “Pantograph” engriver 
for profiling and engraving large 
panels and bulky work pieces.—Green 
Instrument Co., 386 Putnam Ave., 
Cambridge, Mass. 

Circle 611 on inquiry card 


Broaching Fixtures. New 12-page 
Catalog B54-9 describes maker’s “Red 
Ring” self-contained, air-powered 
bench-type broaching fixtures with 
power clamping, mechanical indexing 
and automatic feeding features. Used 
for keyways, slotting, burring, small 
splines, oil grooves, etc.—National 
Broach and Machine Co., &600 St. 
Jean, Detroit 13, Michigan. 


Circle 612 on inquiry card. 


Flexible Conduit, Connectors, Swag- 
ing Machines. New loose-leaf bound 
catalog contains over 150 pages on 
maker’s flexible conduit and fittings, 
electrical connectors, conduit junction 
boxes, swaging equipment, tab con- 
trols, radio ignition shielding, flexible 
metal tubing, tachometer and remote 
control drives and hose clamps.— 
Breeze Corp., Inc., 41 S. Sixth St., 
Newark, : 

Circle 613 on inquiry card. 


Grinding Wheels. New 4-page Bro- 
chure A1310 “V40 for Tool Room 
Grinding” describes maker’s line of 
tool room wheels and lists hints for 
conservation of tools. Includes chart 
of recommendations for grinding high- 
speed tool and die steels.—Carborun- 
dum Co., Niagara Falls, N. Y. 


Circle 614 on inquiry card 


Brakes. New 16-page manual gives 
specifications and capacities of mak- 
er’s “Di-Acro” standard, box finger 
and radius brakes.—-O’Neil-Irwin Mfg. 
Co., 554 Eighth Ave., Lake City, Minn. 


Circle 615 on inquiry card 


Torque Screwdriver. New 2-page 
bulletin describes and illustrates mak- 
er’s “Roto-Torq Model PM-5” torque 
screwdriver designed for electronics 
and precision assembly production 
work.—Richmond, Inc., 922 S. Myrtle 
Ave., Monrovia, Calif. 


Circle 616 on inquiry card 


Torque Wrenches. New 20-page cat- 
alog describes maker’s torque limiting 
wrenches and accessories.—Jo-Line 
Tools, Inc., 8442 Otis Street, South 
Gate, Calif 

Circle 617 on inquiry card, 





MATERIALS, 
COMPONENTS 
Precision Parts. New 4-page Bro- Electro-Mechanical Engineers 


chure 4545MR describes and _illus- 
trates maker’s automatic screw ma- 


slotting, ‘den’ ne a Mechanical Engineers 
’ | 


Specia Screw Machine Products 





Co., Dillerville Rd., Lancaster, Pa. F 
Circle 618 on inquiry card. required for work in the development of 


Precision Bearings. New 4-page 


—e a gg — precision e 
jewe arings, hardness comparison 

chart, and cross-section blueprints of Airborne 
bushing jewels, ring or balance jewels, 
etc.—Swiss American Jewel Bearings 


Co,, 82-80 58th St, Woodside 2, L. I, Digit ql C omputer Systems 


Circle 619 on inquiry card. 


Hermetic Seals. New 4-page bulletin 
pnt yi es ae. CONVERSION DEVICES 
standard-priced hermetic seals for re- 
lays and other components.—Sealtron z ; MEMORY SYSTEMS 
Corp., Reading Rd. at Amity, Cincin- involving 
nati 15, Ohio. SUB-MINIATURIZATION 


Circle 620 on inquiry card. PACKAGING 

Utility Desk Assemblies. New 8- 
page Bulletin C2 describes and illus- 
trates maker’s complete line of “Par- 


eer ere, om ee The Ramo-Wooldridge Corporation 


wang Kenemee SNe &, mF Dept. 1A-C, 8820 Bellanca Avenue, Los Angeles 45, California 


Circle 621 on inquiry card. 








P P Consideration must be given to whether relocation of 

Vibration Isolators. New 8-page applicant will disrupt other important military work. 
Bulletin 541 describes and features 
uses of maker’s “Type 5200” shock 
and high-vibration isolators for ap- 
plication in marine, transportation 
and industrial fields—Barry Corp., 
Dept. 541, 1000 Pleasant St., Water- 
town, Mass. 


Circle 622 on inquiry card. 
Metal Knobs. New 2-page Bulletin 
223 describes and illustrates maker’s th 
hand-machined metal knobs for cus- AL} or 


tom-built equipment.—Pacific Trans- 
ducer Corp., 11921 W. Pico Blvd., Los Precision Apparatus 
Angeles 64, Calif. 


Circle 623 on inquiry card. | UHF COAXIAL 
Industrial Porcelains. New 36-page | WAVEMETERS 


catalog describes maker’s high-tem- 
perature porcelain protection- and in- 
sulating-tubes, porcelain insulators, 
combustion tubes, crucibles, jars, etc. 
Includes 14-page price list—McDanel 
Refractory Porcelain Co., Beaver 
Falls, Pa. 


Circle 624 on inquiry card. 


| = 
Flexible Shafting. New 16-page Bul- 0 t S d 
letin 528 describes and _ illustrates 2-15 pera ion pee 
maker’s flexible shafting for remote —— 
control of valves and equipment.— ° 8" Chart 
Stov Mfg. Co., 443 State St., Bing- | | MODEL 433 Centimeters ecorder 
hamton, N. Y. MODEL 501 Centimeters 12 or 24 hr. 
Circle 625 on inquiry card. MODEL 472A 10 Centimeters 
MODEL 4028 10 Centimeters : . 
Screw-Lock Inserts. Two new 4- (Reaction Type) mcg 3 ao cg 
page Bulletins 715 and 708 describes i. trouble-free Sta Powertel ean- 
and illustrates maker’s screw-lock in- Toroid Coil Winders tifensl eod-measuring por 
sert of 18-8 stainless-steel wire with | commie ote y clibeated onaaill 
an ultimate tensile strength of 200,000 | MODELS AVAILABLE vay et oe te = 
psi.—Heli-Coil Corp., Danbury, Conn. é FOSSEVORS HON. Wpesial CASES PS 
; = , Special Coils Wound to Order per. Rugged clock movement. 


Circle 626 on inquiry card. 
‘ Portable Pantograph Engravers for Immediate and tntelligent at- 
Altitude Nomograms. New 8-page | 2- and 3-dimensional work tention will be given to your 
Data Sheet 20201-1 gives nomograms, | Solderux soldering Fluxes inquiries on all industrial 
techniques, and short-cuts to calculat- Catalogs sent on request opeed measurement probleme. 
ing volumes and weights of cooling rop us a line today 


air required in diverse airborne appli- | 

cations. —Rotron Mfg. Co., Schoon- MICO INSTRUMENT (0. Amthor Testing Instruments Co., Inc. 

maker Lane, Woodstock, N. Y. 86 Trowbridge St., Cambridge, Mass. 49a VanSinderen Ave. Brooklyn, N. Y. 
Circle 627 on inquiry card. 



























































For more information circle 131 on inquiry card For more information circle 132 on inquiry card 
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R 


Ramo-Wooldridge Corporation 
Rex Rheostat Co. 


Rockwell Manufacturing Company 


SCAM Corporation 

Scherr Co., Inc., George 
Schutte & Koerting Co. 

Shallcross Manufacturing Co. 
Shore Instrument & Mfg. Co. 
Smith Co., S. Morgan 

Sprague Engineering Corporation 
Standard Cabinet Co. 

Statham Development Corporation 
Statham Laboratories, Inc. 
Streeter-Amet Company 
Sturtevant Co., P. A. 

Superior Electric Company 

Tube 
Swartwout Company 


Superior Company 


T 


Texas Instruments, Incorporated 
Trinity Equipment Corp. 
Triplett Electrical Instrument Company 


U 


Uehling Instrument Co. 
Unertl Optical Co., John 


United States Gauge, Div. of 
American Machine & Metals, Inc. 


V 


Veeder-Root Inc. 


WwW 


Wallace & Tiernan Incorporated 
Waterman Products Co., Inc. 
Weston Electrical Instrument Corp. 


Wheelco Instruments Division, 
Barber-Colman Company 
Winzeler Manufacturing & Tool Co. 


Z 


Zernickow Company, O. 





important Correction: 


In the article “The High-vacuum Standard—Thé McLeod Gage,” 
by Earl W. Flosforf (INSTRUMENTS & AUTOMATION, November, 
1954) the type slipped and an error appeared in the table on page 
1796. As the entire discussion of the effect of water vapor on the gage 
reading is based on this table, we are republishing the table on 
gummed backing so that each reader can paste the corrected table 
over the incorrect one—and then reread this important article. 


Table—Effect of Water Vapor on Untrapped-gage Reading 


Known Pressures Untra pped-gage Readings* 


0-500-micron model 0-5000-micron model 


Partial Pressures Scale distance | Pressure | Scale distance | Peemaen 


read 


read 
|(mic rons) 


(mm.) due to \(microns) 


(microns) due to (mm.) due to 


*! Vapor Total | Air te Air) ‘Vapor otal 


250 252 7| 22 | 29 | ‘ ‘ 23 | 120 
100 | 150 250 | 73 2 | : y a 250** 
100| 1500 | 1600 3 | $ | 92 | 450 
| 


' 
! 
100; 4900 | 5000 | | | 2 i 7 22 | 23 450 
fn Seema ie : | | | 

*With proper trap, vapor is replaced by air so that pressure read in all cases agrees with known 
total pressure. 

**With untrapped gage this reading is the only one agreeing with known total pressure. 
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ITS INTRICATE FUEL SYSTEM 
MUST “FLOW” 


AND THAT MEANS 
Stage. Type /? 
LOWMETERS 


Ever stop to wonder why Cox Multiple Stage Type 12 Flowmeters are so 
widely used by the U.S. Airforce and U. S. Navy? 





The answer is that both these services must know exactly how much 
fuel a plane’s fuel pumps and fuel nozzles can handle in a given 
amount of time—in order to determine the operating reliability of its 
intricate fuel system. In jets, particularly, accurate flow rate testing is 
essential, since the fuel system must be capable of pumping and carry- 
ing tremendous amounts of fuel each minute the plane is in the air 





Experience has shown America’s major users of precision flowmeters 
that the Cox Type 12 can always be depended upon for first-rate per- 
formance. Its record of service is unmatched in providing accurate, 
dependable testing of jet nozzles, fuel pumps, carburetors, and other 
items forming the vital “flow systems” of jet and reciprocating engines. 


The Cox Multiple Stage Type 12 is available in three series—the 40, the 90, and the 
100. All possess remarkable accuracy, repeatability and quick response. Maximum 
capacity of the 40 Series and the 90 Series is 36,000 pounds per hour. The 100 Series 
provides a maximum flow capacity of 32,500 pounds per hour. Use of a bypass 
orifice greatly increases the flow capacity of each instrument without increasing 
its frontal area. 


Readings to the nearest graduation on individually graduated logarithmic type 
scales are normally within 2% to 1% of the indicated flow, depending on the partic- 
ular series. Flowmeters are calibrated for a specific fluid and scales for metering 
liquids of different characteristics can be easily interchanged. 





Patented “Inner Wall’ guides, integral with the metering tube, assure a true flow 
paitern by keeping the float centered in. the tube at all times. 


COX FLOWMETERS - THE STANDARD OF INDUSTRY 


ws & an rn" | U 
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MANUFACTURERS MANUFACTURERS ws AR FORCE 


ommercial ae: ,aboratories, Inc. 


20 BARTLETT AVENUE * DETROIT 3, MICHIGAN 


MAKERS OF SINCE 1912: CARBURETOR FLOW STANDS *® ENGINE INDICATORS * FLOWMETER CALIBRATING STANDS 
wr STEREC TRADE wane 
FUEL NOZZLE TEST STANDS * MAGNETIC THICKNESS GAGES * VIBRATION RECORDING EQUIPMENT * BALANCED ELECTRONIC EQUIPMENT FOR 
PRESSURE AND VIBRATIONS 


For more information circle 133 on inquiry card 








HAMMEL-DAHL 


PRESSURE PILOT 


Compare These Features 


Integral gauge for controlled pressure indication. 
Direct setting of control point on calibrated dial. 


Screwdriver adjustment for: 
we (1) PROPORTIONAL CONTROL 


t+) 
(2) DIFFERENTIAL GAP }-100 fo 
(3) EASY REVERSAL OF ACTION 


Sapphire nozzle feed orifice with push button cleaner. 
ae All metal power relay and modern feedback action. 


/ 
ylletin 110 


HAMMEL-DAHL COMPANY 
H+) 175 POST ROAD, (WARWICK) PROVIDENCE 5, R. I., U.S. A. +) 


SALES OFFICES IN ALL PRINCIPAL CITIES 
MANUFACTURING PLANTS IN WARWICK, R. 1., U. S. A., CANADA, ENGLAND, FRANCE AND HOLLAND 
CANADIAN MANUFACTURING AFFILIATE—GUELPH ENGINEERING CO., GUELPH, ONT. 


For more information circle 134 on inquiry card, 
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of Industrial Atmospheric Hazards 


aiteile)y 
MEASUREMENT 
CONTROL 


Specify Dependable 


M:°S°A INSTRUMENTS 


COMBUSTIBLE GASES 



























M.S.A. Combustible Gas Alarm 


This widely-used instrument 
assures safe, continuous sam- 

ling of atmospheres for com- 
aoe bn gases and vapors. Its 
explosion-proof construction 
permits installation in hazard- 
ous areas. Visual and audible 
warning when concentrations 
exceed predetermined percen- 
tage of lower explosive limit. 
The Alarm may be wall 
mounted, if desired, and can be 
arranged for multi-point sam 
plhiog with one mstrument. Bul- 


lean No. DIT-6, 





ALSO: 












Combustible Gas 
Indicators 





on 


M.S.A. Lira e 


Benzol Indicators 
M.S.A. 
$s Explosimeter einen tibialis 


This infra-red gas and liquid * 
Detectors, 


analyzer is ideal for measuring 
atmosphere contamination and 
for process control, It is ex- * 
tremely accurate, with rapid re- 
sponse to changing concentra- 
tions. Designed for permanent ¢ 
installation and continuous re- 


cording. Bulletin No, DZ-4, 





Accurate, one-hand operation 
for detecting and measuring 
flammable gas hazards and for 
locating gas leaks. Designed 
for day-in, day-out use. Com- 
pact. light weight, sturdy, easy 
to use, Meter is calibrated for 
easy reading. Ask for Bulletin 
No. DN-7, 


PRecordera 


Oxygen Indicators 
and Kecorders 
Wetter Vepcr Recordas 


Thermal Conductivity 
Analyzer 


Gascope 





1 fe) <lemc7.S) 3 
ALSO: 


Carbon Monoxide 
Detectors, 

+ Indicators, 

Recorders 


M.S.A. Carbon Monoxide Tester 


Employing the most advanced colori- 
metric method of carbon monox‘de 


Hydrocyanic Acid 
Gas Detector 

















Aromatic Hydrocarbon 


detection, this accurate instrument 
will indicate CO in air from 0.001 to 
0.10 percent by volume. Simple to 
use; requires no special training. 
Accurate in the presence of water and 
gasoline vapors. Bulletin No. BY-1. 


M.S.A. Carbon Monoxide Alarm 


Whenever carbon monoxide reaches 
a predetermined concentration, this 
precision instrument gives a prompt, 
loud warning and visible indication. 
Designed for 24 hour service, the 
unit is enclosed in a weather-proof 


M.S.A. Hydrogen Sulfide Detector 


Quick detection and accurate meas- 
urement of low but dangerous con- 
centrations of hydrogen sulfide in air 
and process gases. Detects amounts 
ranging from 0.0025 to 0.04 percent 
by volume. Supersensitive models 





Detector 





Nitrogen Dioxide 
Detector 






Samplair (for 
toxic dust 















case. Bulletin No. DR-2. available for 0 to 50 p.p.m. Bulletin odie 


No. DY-3. wf 


determination) 





ALSO: 


Dust Counting 
Microscope i 











M.S.A. Midget Impinger 
A compact, easy to 
operate intrumen: for 
sbenkadine accurate 
samples of particulate 
matter. Samples at the 
rate of 1/10 cubic feet 
per minute. Portable, 
self-contained, this 
unit is ideal for dust 
control and survey 
work. Bulletin No. 
CT-6, 


Cascade Impactor 


* Dust Counting 
Cells 





M.S.A. Electrostatic Sampler M.S.A. Dust-Vue Microprojector e Smokescope 


High efficiency in atmospheric 
sampling for all types of particu- 
lates including dust and fumes 
from molten metal and smoke. 
Features a portable head for sam- 
pling at various levels. Conven- 
ient to carry. Bulletin No. CT-9. 


Permits rapid, easy counting of « 
dust particles in collected samples, 
and particle size determination. 
Magnifies to 1000 times in sizeon e 
ruled translucent screen—relieves 
eye-strain and permits greater 
accuracy. Bulletin No. CT-7. ° 


Thermal Precipitator 


Settlement Dust 
Collector 








MINE SAFETY APPLIANCES COMPANY 


201 N. Braddock Ave., Pittsburgh 8, Pa. 
At Your Service: 76 BRANCH OFFICES in the UNITED STATES 


MINE SAFETY APPLIANCES CO. OF CANADA LIMITED 
Terente, Mentreel, Celgery, Winnipeg, Vencouver, Sydney N.S. 
Representatives in Principal Cities in Mexico, Central and South America 
CABLE ADDRESS, “MINSAF” PITTSBURGH 
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OR? 


632 TINTON AVENUE, NEW YORK 55, N. Y. + CY¥press 2-6610 








(— MAGNETIC AMPLIFIERS 
hy 


© Push-pull Magnetic Amplifiers 

e Adjustable Magnetic Servo 
Amplifiers 

© Servo Systems with Magnetic 
Amplifiers 

© Miniature Magnetic Amplifiers 

e MA. Relays 

© Saturable Transformers 

© Demodulators 

© Transi-mag* — Transistor 


/ 








__ *Trade Mork 


Magnetic peal 


~\ 





to 3 HP PACKAGED VARIABLE 


a SPEED DRIVES i} 


© Fully Automatic 
Stepless Speed Control 
e Close Speed Regulation 
© Rugged, Reliable 


Features Available: Start, Stop, Reverse, Jog, 


@ 















Pre-Set Speed, Dynamic Brake. ; 
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( Educational SERVO 
DEMONSTRATOR by 3° 


Le Fes, 













¢ Completely 

Self Contained 
© Powered from 115 V 60 CPS 
For: Laboratory Experimentation, Lecture Demonstration, 
Industrial Training of Development Engineers, Field Service 
Personnel, Sales Engineers. 





r 


J 


~ 


i DIESEL OR MOTOR — GENERATOR ) 


OR ALTERNATOR REGULATORS, by 


@ 30 KVA 400 CPS 3 Phase 4 Wire 
115/200 VOLTS .75 PF Packaged Supply 
or 
© Design for Specific 
Machines 
Features: 
High Accuracy, Fast 
Response, Ruggedness, 
Reliability, No Tubes, <. 
Meets Applicable 
aeevaeae Specifications. 

















REGULATED STATIC 
POWER SUPPLIES by 


© DC and AC ‘ 
Output Fo 


e High Current 
| 
Ry 





Carrying 
Capacity 
@ No moving 
Parts 
e Reliable 





“4 (TRANSISTOR CURVE TRACER 





gf 





yy, 
% 


~~ 

© Displays Output or 
Transfer Curve in 
Groundéd Base or 
Grounded Emitter 
© Dynamically Displays 
Entire Family of Curves Sim- 
taneously on Oscilloscope 


Internally Generated Cali- 
bration Axes Displayed at all 
Times in any One of Four 
Quadrants 







e Measures PNP or NPN 
Junction Transistors and P 
or N Type Point Contact 
Transistors 
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FACILITIES FOR — 
“/ OF SERVOMECHANISMS 













RESEARCH, DEVELOPMENT, DESIGN, MANUFACTURE 
, MAGNETIC DEVICES, and INDUSTRIAL CONTROLS 
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ror ACCURATE MEASUREMENTS 


Here are some representative samples of the more popular lines of high-quality electric 
instruments and associated devices manufactured by General Electric. Whether the field of 
measurement is plant maintenance, general testing, laboratory service, or power-circuit instru- 
mentation, standard equipment for most applications is available from stock for quick delivery. 


RECORDING CONTROLLER 


Reduced maintenance is assured by elimination of dry cells, standard cells, slidewire 
and sliding contacts. 


The “Magnetic Standard” provides continuous standardization through the measure 
ment-circuit design, which incorporates high stability of a permanent magnet for 
reference standard. Loss of measurement and control during standardization peri: is 
are eliminated by the constantly balancing system 

The recording controller offers long term accuracy and precision of measure sent; 
continuous highly dependable control; increased chart visibility; simplified chart changing; 
and better protection of processes against damage due to component failure. For further 
information, contact your nearest G-E Apparatus Sales Office or write for Bulletin GED- 
2100, General Electric Company, Section 640-409, Schenectady 5, N. Y. 


PYROMETER CONTROLLER 


General Electric pyrometer controllers provide better protection against costly 
heat damage on the payload of a furnace in three ways. Heat is automatically 
shut off, when: a thermocouple fails, power to the instrument is disrupted, 
or the tube burns out or loses emission 

Available in 2-position and 3-position models, these pyrometer indicating 
controllers offer a variety of ranges in the 0-3000 F span. 


MOLECULAR VACUUM GAGE 


Similar to “fluid clutch” in principle of operation, it overcomes 
many of the problems encountered in the use of other type vacuum 
gages. It has no primary element to burn out, is unharmed when 
inadvertently opened to atmospheric pressure, is simple to operate, 
and is highly versatile. 

Available in two types, the new G-E molecular vacuum gage is 
supplied with a scale for the direct reading of dry air or with a 
linear scale which may be calibrated for other gases. It is therefore 
suitable for laboratory and research installations. For further in- 
formation, contact your nearest G-E Apparatus representative or 
write for Bulletin GEC-986 to General Electric Company, Section 
640-409, Schenectady 5, N. Y. 


ADDITIONAL INFORMATION AVAILABLE 


Bulletin GEC-1016 gives a broad coverage of most of our lines, and various product 
bulletins give more specific information on each type. They're all available to you if 
you'll just contact your nearest G-E Sales Office or write to General Electric Company, 
Section 640-409, Schenectady 5, N. Y. 





D-c TACHOMETER GENERATOR 


Provides a low-cost answer to many speed-measurement and control prob 
lems. Designed to occupy a minimum of space, it can be either flange- or foot 
mounted, installed horizontally or vertically. This high versatility allows equip- 
ment to be direct coupled, geared, or belt driven, as needed. 

Available in two different models, it can be supplied with an output 
voltage up to 100 volts per 1000 rpm, making it idea! for use as a pilot 
exciter on many control applications. 

G-E recording instruments or precision-indicating instruments, such as panel 
and portable indicators, can be used with the generator to provide highly depend- 
able speed check or records. This is only one of the many generators available 
on G.E.’s complete line of speed-measuring systems. For further information 
about General Electric speed-measuring systems, contact your nearest G-E 
Apparatus Sales Office 


PHOTOELECTRIC RECORDER, TYPE CE 


Developed to satisfy the requirements of high sensitivity, low burden, and 
extremely rapid response, this recorder is especially useful with thermocouples 
for specialized temperature work, since it obtains accurate records even though 
the temperature changes rapidly. It can record anything that can be measured 
with an indicating instrument, and is particularly applicable to electronic cir 
cuits because its sensitivity reduces the load imposed on the vacuum tubes 

Some of the forms in which it can be supplied are: d-c galvanometers, milli 
voltmeters, microammeters, milliammeters, potentiometers, and single-phase 
wattmeters 


RADIATION INSTRUMENTS 


General Electric has a comprehensive line of radiation instruments for use in laboratory research or on the production line. Some of 
the instruments available are: radiation monitor, scintillation counter, portable radiation probe, area health monitor, air-equivalent ioniza 
tion chamber, and others. If you have a radiation problem, contact your nearest G-E Apparatus Sales Ofhice 


SCINTILLATION-TYPE ALPHA POPPY 


The a-c alpha poppy is an alpha-particle detector using the scintillation 
principle, designed as a health monitoring device for inspecting clothes, 
laboratory areas, machines, and benches suspected of alpha contamination 
Poppy will operate successfully with most scalers and rate meters. Often used 
with devices which give an audible “popping” signal 

It has a large sensitive area (150 square centimeters), low background, 
is insensitive to beta and gamma radiation, and is lightweight, easily handled 
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GENERAL @@ ELECTRIC 





Let 


BURGESS 


om, Solve Your 
Battery 
Problems! 


ee Engineering 
Facilities at Your 
Disposal 





Burgess engineers have devoted 
more than 30 years to special bat- 
tery development and manufac- 
ture. Now, you can profit by it! 
The complete Burgess facility .. . 
engineering .. . design . . . produc- 
tion .. . is available to provide you 
with the exact dry battery for your 
particular application! 


Burgess engineers. They will then 
by Burgess engineers. Standard 


Enter Your Requirements with Us! 
send you complete information on 
your special battery. 

and special types are handled by 
Burgess distributors everywhere, 


If you are in the design stage and 

need a special battery to meet your 
requirements, mail the coupon be- 

Hundreds of Ne 

Battery Types Already Available 

You may find the exact battery for 

thus simplifying replacement bat- 

tery problems for users of your 

equipment. 


low for a FREE check-sheet to enter 
your special requirements among the 
MAIL COUPON TODAY! 








your battery specifications with 
\ hundreds of types already developed 
ee eee ee 


Burgess Battery Company 
Dept. 11-10, Freeport, Ill. 


I 

I 

| Please send, without cost or obligation, a Burgess check 
] sheet for entering our dry battery specifications 

! Name Title 
I Firm Name 
Address 
] City 


Zone State 
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PUBLISHER’S FOREWORD 


+ recent years the general public has become aware 
almost as much as experts—of the rapid growth of In- 
strumentation——either under its own name or under such 
names as “Automation,” “Cybernetics,” “the Second In- | 
dustrial Revolution,” “the Manless Factory,” etc. Thus, | 

the rapid growth of the occupational field of Instrumenta- 
tion has created a demand and a need for a Handbook of | 
| 
| 


Measurement and Control. 


This Handbook is designed to bring classifications, op- | 
erating principles, and typical applications of instruments | 
to users, manufacturers, and students. The term “instru- | 
ments” includes indicating, recording, integrating, con- | 
trolling, and computing devices used in measurement, in- | 
spection, testing, analysis, computation, and automatic | 
control applications. Laboratory, scientific, engineering. 
and industrial instruments are dealt with. | 

The broad coverage precludes detailed discussion of 
physical fundamentals of every type. However, all basic 
methods are covered. The emphasis is on practical factors. | 

The reader will find the many tables of classifications 
valuable. It has been said often that a good illustration is 
worth ten thousand words. The same can be said of each 
of the many excellent tables which list operating ranges, 
percent accuracies, recommended practices, etc. Scientists, 
engineers, application experts, students, teachers, and 
maintenance personnel will find this book particularly 


valuable. 


Attention is directed to the wealth of background and 
experience of the authors of this book. The principal con- 
tributor, Major M. F. Behar, is the pioneer in this field. 
Since 1924, when he began to formulate this new science, 
his contributions have nurtured and accelerated the ex- 
pansion of the field. Each of the other authors is an ex- 
pert with long experience in his branch of the field. 


Each chapter describes methods but not commercial 





products. There are no photographs; and the drawings 
are “schematics” of types, not of makes. Therefore, man- 
ufacturers were invited to describe their products in ad- 


vertisements which follow the chapters. 


This Handbook will be revised, expanded, and_ re- 
published periodically in the future. The coverage and 
treatment will be expanded. The Instruments Publishing 
Company will welcome all comments and suggestions on 
the Handbook. They will be used in a continuous effort to 
make this Handbook of ever-increasing value to its own- 


ers and readers. 








FALSTROM 


CUSTOM METAL 
FABRICATORS 


offers you these 
advantages : 





© help in designing your metal parts and enclosures 
© precision tolerances and dimensions 

© thousands of stock tools and dies 

¢ ultra-modern high speed equipment 

© complete sub-assembly and finishing 


CONTROL BOARDS & PANELS (knocked down, formed, welded 
— with or without lighting canopies), GRAPHIC PANELS, 
CUBICLES, CONSOLES, CHASSIS, CABINETS and SMALL PARTS 
at reasonable unit cost. Fabrication in sheet steel, aluminum, 
stainless steel and other alloys from #20 gauge sheet to 
¥_" plate in prototypes, pre-production, long and short runs. 


For more information circle $ on inquiry card 


FALSTROM COMPANY, 93 Falstrom Court, Passaic, N. J. 
PRescott 7-0013 Since 1870 
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CUSTOM BUILT 


Electrical 
Enclosures 


BY 


Le LULL 





Whether you need one unit or hun- 
dreds ... a simple transformer tank 
or a complicated control panel... 
Kirk & Blum has the men, experi- 
ence and facilities to fabricate any 
electrical or related enclosure 
quickly and economically. 


Complete facilities for fabrication 
of sheet steel, plate, light struc- 
turals, stainless, aluminum, monel 
and other alloys. 


For more detailed information, re- 
quest new literature on fabrication 
facilities and experience. 


Write to: The Kirk & Blum Mfg. 
Co., 3110 Forrer Street, Cincinnati 
9, Ohio. 


© Control Desks 


@ Boiler, Turbine and Gen- 
erator Control Panels 


@ Power Distribution and 
Control Panels 


@ Switch Gear Housings 
@ Instrument Panels 

@ Cubicles 

@ Electrical Enclosures 

@ Machine Bases 

© Transformer Enclosures 
@ Weatherproof Housings 
© Breechings 

@ Air Ducts 

@ Stocks 

@ Casings 

@ Hoppers 
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CUMCT SPECIALISTS IN TIME CONTROL 


TIMIN 
ge DEVICES 


CYCLE TIMER TYPE CF HERMETICALLY SEALED TIME 


TYPE IE 


INTERVAL 
TIMER 


Turning knob to 
desired time set- 
ting starts time 
cycle. Progress in 
dicated by pointer 
traveling towards 
zero, Built-in push 
button, to initiate 
timing cycle, avail- 
able as optional 
feature. 


Permits automatic 
control of 1 to 8 
circuits. Single or 
multiple cam units 
permit odjustment 
to any desired 
time sequence. 
May be arranged 
to stop at the end 
of one complete 
cycle or repeat cy- 
cle continuously. 


DELAY RELAY 
TYPE HTI 


Retains high accuracy 
of standard Cramer 
timers, but is minia- 
turized for airborne or 
mobile applications. 
Hermetically sealed in 
steel case and tested 
to meet most rigid 
military applications. 





INTERVAL TIMER TYPE IG 


Similar to 1E above, 
but without front 
plate and housing 
Designed for built-in 
applications, where 
timer is mounted be- 
hind panel and shaft 
protrudes thru panel. 
Dial and pointer op- 
tional extras. 


PULSE TIMER 
TYPE V 


Repects electrical impulse 
of predetermined duration 
at the end of any desired 
time interval which may 
be set upon the dial. Ideal 
for such applications as 
automatic lubricators, con- 
veyors, sludge pumps, bar 
screens, feed water con- 
trols, etc. 


SYNCHRONOUS 
TIMING MOTOR 


Small synchronous motor 
for any application requir- 
ing constant speed. Excep- 
tionally high torque for 
its size (30 in. ozs. at | 
rpm stall torque). Instan- 
taneous start and stop 
Wide range of speeds 
from 60 rpm to | rpd 


TYPE 112 





RESET TIMER 
TYPE RE 


Pressing built-in 
start button 
switches circuits 
and starts timer. 
Progress indicated 
by independent 
pointer traveling 
towards zero. At 
end of cycle cir- 
cuits switch back 
and timer resets, 
ready for a new 
cycle. 


PERCENTAGE TIMER TYPE PE 


Adjustable automatic 
timer to control per- 
centage of time in 
which an electrical cir- 
cuit is closed or open 
out of a definite time 
cycle. Ideal to control 
operating time of an 
oil burner, furnace, 
etc. 





CLUTCH UNIT 
MOTOR 


KX motor with differ- 
ential gear-type clutch 
Used where reset is 
needed or where ex- 
tremely accurate 
clutching is required. 





TIME DELAY RELAYS TYPES 
TE — TEC 


Highest accuracy 
for precision tim- 
ing. Timing cycle 
initiated by exter- 
nal means. Micro- 
meter knob on 
range pointer for 
extremely precise 
setting. Progress 
pointer indicates 
time remaining. 


RUNNING TIME METER TYPE E 


An elapsed time 
indicator to regis- 
ter total operating 
or idle time of any 
machine or system. 
Excellent for indi- 
cating usage time 
of vacuum tubes 
or machine tool 
cutter, etc., in con- 
junction with a 
preventive main 
tenance program, 


SPECIAL TIMERS 
AND 
ENCLOSURES 


In addition to the 
standard panel 
mounting timers il- 
lustrated above, 
Cramer manufac- 
tures a complete 
line of special pur- 
pose timers, timers 
in special enclos- 
ures, hermeticcily 
sealed devices, etc 





TIME DELAY RELAY TYPE TF 


For built-in appli- 
cations. Provides 
fixed time delay 
between closing of 
external contact 
and switching of 
load circuits. En- 
closed snap-type 
switch mechanism. 


TIME TOTALIZER TYPE ET 


A highly accurate 
stop clock to 
measure and to 
indicate elapsed 
time intervals. 
Used wherever pre- 
cise measurement 
of time is required. 
Accuracy of better 
than .02 of 1%. 


Write for complete information avout 


your timing requirements or for advice 


on special problems. 


the R. W. CRAMER CO., INC. 


Box 29, Centerbrook, Conn. 


9CR53R 


For more information circle ¥% on inquiry cerd. 
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Staynew Pipe Line Filters help 


“Taylor Lnstewment Companies 


maintain High Quality, Accuracy... 


Pictured is part of an assembly line at the Taylor 
Instrument Companies where highly skilled 
technicians use compressed air to form the bulbs 
of precision fever and industrial thermometers. 
Impurities, no matter how minute, are kept 
from entering the .002” bore to maintain high 
quality control. That’s why the Staynew Model 
CPH-03 Pipe Line Filter is standard equipment 
at every bench. 

Staynew’s basic design first eliminates larger 
particles mechanically. Then, finer air-borne 


Representatives in Principal Cities 


LLINGER 


CORPORATION 
96 Centre Pk., Rochester 3, N. Y. 


One of a battery of Staynew Pipe 
Line Filters keeping impurities out of 
process compressed air at the Taylor 
Instrument Companies, Rochester, N.Y, 


material is removed by the radial fin filter insert. 
This double action principle reduces the load on 
the insert making frequent cleanings unnecessary. 
There can be no compromise with quality. 
Millions of thermometers will pass through the 
Taylor production lines this year where Accu- 
racy First is the watchword. Wherever used, 
Staynew Filters give day in and day out de- 
pendable service with low maintenance cost. 


Send for Pipe Line Filter Bulletin B-1A 


ALL TYPES OF FILTERS FOR EVERY INDUSTRIAL NEED 


For more information circle 8 on inquiry card. 





TO MEET COMPETITION 


LAN FOR LARGER 


POLYPULSE 
Bulletin 330 


Profits 


sae EAGLE Banos 


REPEAT CYCLE 


These timers repeat 
their cycle of opera- 
tion continuously as 
long as power is ap- 
plied to their timing 
motor. When power 
is interrupted, the 


timer stops. Restoring power restarts 
the timer from where it stopped. 


MICROFLEX 


COUNTER 


RESET COUNTERS 


These units close or open 
a control circuit after a 
preset number of counts 
or impulses. They are 
used in automatic con- 
trol circuits. Indicators 
can be added to the dial 
to indicate the count 
within 1% of full scale. 


MULTIFLEX 
Bulletin 130 


RESET TIMERS 


| These timers are used 


where operation of a 


| pilot or control switch 


starts the timing period. 
They are spring reset 
back to their starting 
position. Timing and re- 


setting are electrically controlled making 
these timers applicable to automatic pro- 


cesses. 


AIRCRAFT 
TIMER 
Bulletin 815 


OTHER TIMERS 


| Eagle has a complete 


family of timers as a re- 
sult of its specializing in 
the industrial timer field. 
Inquiries are solicited 
for these and _ other 
special purpose timers. 


Bulletin 720 


Eagle Timers save time, save money. 


Send for FREE Automation Book- 


let “See what timing can do for 
you.” 


Sudueltial, Litwiie- 


EAGLE SIGNAL CORPORATION MOLINE, ttt 
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(Coordinated 


INSTRUMENTATION and CONTROL 


by 


FoR THIRTY-FIVE YEARS Hagan Corporation 
has actively worked with American industry 
in the solution of many exacting control and 
instrumentation problems. As a result of this 
experience, Hagan has developed a number of 
sensitive, accurate and rugged devices suitable 
for use either separately or as parts of coordi- 
nated control and instrumentation systems. 

Hagan devices are applicable in the field 
of steam power generation on land and sea, 
in the steel industry, in aeronautical testing, 
in process industries and wherever simple, 
accurate, powerful, reliable metering and 
control equipment can help in_ producing 
more uniform products in greater quantity 
at lower cost. 

Hagan products include pneumatic, hydrau- 
lic and electronic components, some typical 


examples of which include: 
A. Measurement Devices 


1. Pressure and differential pressure trans- 
mitters for the measurement and control 
of pressures ranging from a few thousandths 
of an inch water column to 5,000 psig. 


Ring Balance gas and liquid flow meters 
with differential head capacities from 14’’ 
to 420” water column full scale--standard 
assemblies in certain ranges are available 
for service in static pressures up to 15,000 
psig. 

‘These meters are available in recording, 
indicating and integrating types and can 
be combined to include two separate flow 
meters in one case. Hagan Ring Balance 
Meters can be provided with computing 


HAGAN 
CORPORATION 


HAGAN BUILDING 
PITTSBURGH 30, PA. 


BIRMINGHAM, ALA. «© BOSTON, MASS. BUFFALO, N.Y. ¢ 
CIRACINNATI, OHIO ¢ CLEVELAND, OHIO + DENVER, COL. ¢ DETROIT, MICH. + 


mechanisms to provide pressure, tempera- 
ture and gravity corrected readings useful 
for many purposes. For example, tempera- 
ture difference and flow can be combined in 
a Hagan meter to produce a Btu measure- 


CHARLOTTE, N.C. 
HUNTINGTON, W. VA: 


ment which records directly the heat 
transfer through a heat exchanger. Remote 
transmission by pneumatic or electrical 


means ts available as standard equipment. 


3. THRUSTORQ units which measure force pneu- 
matically without incurring more than a 
few thousandths of an inch displacement. 
These units are available in a wide range 
of sizes. One typical application includes 
dynamometer torque measurement and 
another involves a test stand on which a 
complete jet airplane can be wheeled for 
direct thrust measurement of the entire 
assembly. 


B. Power Devices 
A wide range of power units including 
diaphragm motors, positioning type double 
acting pneumatic cylinders in sizes from 5’ 
diameter and 10” stroke to 12’ diameter 
and 48” stroke, and 
hydraulic servos having high traversing 


powerful electro 


speeds, extended frequency response and 
precise positioning for service in coordi- 
nated control systems. 


C. Control and Relay Equipment 
Pneumatic devices for the generation of 
manual control signals, for the relaying 

control 

signals, and for the performing of mathe- 
matical functions as might be réquired in 
the application of control and instruments. 

klectro pneumatic links, pneumatic mul- 


and modification of automatic 


tiplying machines and other similar Hagan 
devices are also available for the solution 
of your control and instrumentation 


problems 


A letter or telephone call to the nearest Hagan 
othce will bring an experienced Hagan engineer 
i» your side to help you analyze and solve 
your instrumentation and contro! problems. 


CHICAGO, ILL- 


KANSAS CITY, MO. © LOS ANGELES, CALIF. « NEW ORLEANS, LA. * NEW YORK, N.Y. + PHILADELPHIA, PA. 
PORTLAND, ORE. * ST. LOUIS, MO. « ST. PAUL, MINN. * SAN FRANCISCO, CALIF. * SCHENECTADY, N.Y. 
SEATTLE, WASH. « TOLEDO, OHIO «+© WARREN, PA. «© WASHINGTON, D.C, 


IN CANADA: TORONTO, ONT. * MONTREAL, P.Q. © VANCOUVER, B.C. 
For more informatior rcle 10 on inquiry card 





ACCURATELY 
Century Model 


The Century Model 409 Oscillograph was designed for oper- 
ation under the most adverse conditions, especially where 
space and weight considerations are limited. It is a miniature, 
compact unit incorporating many features found in larger 
models. Records faithfully during accelerations and shock in 
excess of 20 G's. Its size and capacity make it especially de- 
sirable for use in missile launching, parachute seat ejection, 
. flight test of helicopter and fighter aircraft and tor 


Cenlitry. GEOPHYSICAL CORPORATION 


TULSA, OKLAHOMA 


For more information circle 19 on inquiry card. 


| Announcing—the first and 
much-needed book on small 


| 
| 
| research reactors 





Nuclear Reactors 


for 


Industry 


Universities 





| written by eight eminent 
| authorities and edited by 
Ernest H. Wakefield 


CONTENTS 


| Chapter |. Nuclear Reactor Types 


| Chapter Il. Availability and Se- 
lection 


| Chapter Ill. Radioactivity Meas- 
urement 


| Chapter IV. Radiation Protection 
| Chapter . Reactor Control 


| Chapter VI. Instruments for Experi- 
ments 


Chapter VII. Cost Study 
Chapter Vill. Legal Aspects 


APPENDIX—Glossary of Termi- 
| nology, Cloth, 102 pages, pho- 





| tos and diagrams, 4-page index. 


$2.00 postoaid 
Remittance must accompany order 
j Instruments Publishing Company 


| 845 Ridge Avenue, 
Pittsburgh 12, Pennsylvania 





! Enclosed is . = , for . 
| copies of Wakefield's Nuclear Reactors book 
| at $2.00 each, postpaid. 


| Name ... 


| | Address . 








TEMPERATURE INDICATORS 
FOR AIRCRAFT 


TO AIR FORCE SPECIFLCATIONS 


ene 


THERMOCOUPLE TYPE RESISTANCE TYPE 
/ 


12 or 24 volt ratiometers Ps 





2” Single shown with removable 
Bezel. For exhaust temperature, 2” Single, range —70 to -++-150°C 
range 0 to 1000°C, Chromel- oil temperature indicator, for ring 


pnomen. / clamp mounting. 
2%" Dual shown with removable 


Bezel. For exhaust temperature 2” Single, range —50 to 50°C 
range O to 1000°C, Chromel- for carburetor-air temperature 
Alumel. / J indication, ring-clamp mounted. 


2” Single, for ring clamp mount- Fh a 
ing. For cylinder temperature, 2” Single, range 0 to 190°C for 
range —50 to -+300°C, Iron- oil temperature indication, ring 
Constantan. clamp mounted. 


Available in all standard ranges for cylinder head, beer- 
ing carburetor-air, coolant, oil, free-air and heating-duct 
temperatures. For best results, use LEWIS resistance bulbs 
as sensing elements with LEWIS instruments. Any of 
above instruments may be supplied with type A-1 bezel 
if specified. 





FT RESISTANCE BULBS AND THERMOCOUPLES 


FOR BEST RESULTS USE LEWIS INSTRUMENTS 
WITH LEWIS BULBS AND THERMOCOUPLES 


STANDARD AN5525-1 STANDAKD AN5525-2 AN5540.1 AN5540-2 AN5545-1 AN5541-1 
with 1% in. stem with 4 in. stem 





In addition to the standard “AN” Types illustrated, we manufacture thermocouples for test work as well as special types to 
customer's specifications. 


THE LEWIS ENGINEERING CO. 


Manufacturers of Complete Temperature Measuring Systems for Aircraft 
NA SU G-A.T Us Ce me OF NN fc 





Air Compressors 
an air, free from 
d without filters 





DISCHARGE 
PORT 
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No oil filters. 
No dust filters. 


No internal lubrication to 
contaminate air handled. 


No internal wearing parts. 
No valves, pistons, or vanes. 
Non-pulsating pressure. 
Original performance constant 


Aere ts Why! 


You can dispense with oil filters and dust filters when 
you install ®Nash® Clean Air Compressors. You can save 
the cost of maintaining these devices. You can greatly 
reduce instrument maintenance costs. For the Nash em- 
ploys no internal lubrication, therefore no troublesome 
oil is in the delivered air. Moreover, air from a Nash 
is thoroughly washed and cooled as it passes thru the 
pump. Dust in the plant atmosphere, even fly ash, is im- 
mediately removed. 

®Nash® Clean Air Compressors are simple, with only 
one moving element. No valves, gears, pistons, sliding over a long pump life. 
vanes, or other enemies of long life and constant perform- 
ance complicate a Nash. No aftercoolers are needed. You Low maintenance cost. 
will find it profitable to investigate these pumps, now. STL LULU LALLA LURK 


NAS ENGINEERING COMPANY 
370 WILSON, SO. NORWALK, CONN. 


AKAM 
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COMPUTERS—-CONTROLS-COMPONENTS 


LIBRASCOPE 


X-Y 
PLOTTER & RECORDER 


A compact desk or rack-mounted instrument 
for recording two independent variables on 
standard graph paper, from either analog or 
digital inputs as continuous curve tracings or 
point plots. Handles direct or remote mechan- 
ical shaft rotations without modification. 
Special inputs to meet customer applications. 
For digital operation the following converters 
are standard: 


PUNCHED CARD 
CONVERTER 
Converts punched 
card data to dis- 
crete point plots 


BINARY 
CONVERTER 
Consists of 2 chan- 
nels of 9 binary 

digit capacity. 


DECIMAL 
KEYBOARD 
For manual point 

plotting 








SINE WAVE GENERATOR 


Used in frequency synt 
to determine data on trans 
functions of automatic 
systems and components 
pneumatic 


ANALOG. 
DIGITAL CONVERTER 


A shaft position to digital en- 
coder, 2” in dia., handles up to 
19 digits per unit, utilizes unique, 
non-ambiguous brush system. 


MAGNETIC AMPLIFIERS: 


Librascope manufactures ultra- 
fast magnetic amplifiers for 
industrial servo-controls, analog 
and digital computers, and servo- 
stabilization networks. 


PACKAGED CIRCUITRY: 


Flip-flop cards, scan matrices and 
other miniaturized electronic 
packages are available to cus- 
tomer specifications. 





READ AND RECORD HEADS 


For recording or reading of mag- 
netic drum memory systems in 
digital computers. High read-back 
signal, low noise factor 








/ 


MECHANICAL 
COMPONENTS 


SINE-COSINE MECHANISM 
Self-contained unit converts angu- 
lar rotation into linear sine and 
cosine movements or solves many 
trigonometric functions 


» ' 
hl ] 4 
in 





BALL & DISC INTEGRATOR 


Precision unit with lifetime lubri- 
cation. Used in totalizing, rate 
determination, differential analy- 
sis. Also serves as closed loop 
servo-element or variable speed 
drive. 


HOLLOW SHAFT 
DIFFERENTIAL 


Precision computer component for 
measuring angular positions or 
velocity sums. May be installed or 
removed without disassembly of 
unit or differential itself 





LINKAGES 


Various linkage computing ele 
ments are available, including 
addition-subtraction linkages, 
linkage multipliers and function 
generators to express exponen 
tial, logarithmic and square root 
functions. 


ENGINEERS, PHYSICISTS 
AND MATHEMATICIANS 
for arewarding career with acon 
pany that offe um Stability 
with jot 
Snes Cl 





COMPUTERS TO ORDER: 3 
mplete catalo 


Librascope manufactures mechanical i : 
. nany of f above pre lia { write 
and electrical analog computers and 
digital computers for military and | B R A S ( O p - 
commercial purposes. You are invited 
to submit your special computer 
requirements to our engineering staff, 


Pinformation 


1607 FLOWER STREET, GLENDALE 1, CALIFORNIA 





instrunentarion y RAHM 


potentiometer type transducers 
for use at temperatures between — 60°C. and +160°C. 


Designs available permit single for 


or multiple range linear output « PRESSURE 
from non-linear input function, « ALTITUDE 
and operation over wide ranges « AIRSPEED 
of environmental conditions. 


« ACCELERATION Designs available for 
¢ PRESSURE SWITCHING operation to 285°C. 
¢ ALTITUDE CONTROL 








Request Catalog +653. 


RAHM INSTRUMENTS, INC. 


12 WEST BROADWAY, NEW YORK 7, N. Y. 


For more intormati on circle 1s on inquiry card. 
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STILL INDUSTRY'S | pene emer erage 
a RST CHOICE! ‘ subminiature motor gear 


heads, gyros, servos, etc. 











Let us submit our 
quotation covering 
your requirements. 





ANDERS DEHYDRATORS keep air and gases CLEAN and 
DRY and free from oil and water vapors 

ANDERS DEHYDRATORS are available in 22 standard 
sizes for | to 10,000 instruments—for high and low pressure 
use. (Larger or special designs for air or other gases and 


Liquid Hydrocarbons.) 
For full information and engineering data address 


® FABRICATION © HOBBING 
® HEAT TREATING © BURNISHING 


100% inspection rendered on all 
gears made to A.G.M.A. Standard 
covering tooth form, total compos- 
ite error, quality, etc. Individual in- 
spection graph charts furnished if 
required, 


“Cinders > 


Comparssio an 
Otwromsroms 


THE ANDERS-LYKENS CORPORATION 
‘ LYKENS, PA 
NEW YORK OFFICE—75 West St. 
Engineering representatives in principal cities | 
"A DRY AIR-LINE NEVER RUSTS" ELLMORE GEAR CORP. 
The Ani Hy one sy Ltd 8 2307 Bellmore Ave., Bellmore, N. Y. 
Weston # Telephone SUnset 5-5000 


Toronto 15, Canada 
Se GQ GQea gQu@naaqqgqnn @ ® 
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CHAPTER I 
THERMOMETRY 
By M. F. BEHAR 
PART 1—FOUNDATIONS OF TEMPERATURE MEASUREMENT 


1. INTRODUCTORY NOTES 


NDUSTRIAL conditions compel a re- 

definition of the laboratory meaning 
of “results.” Temperature gradients 
in many pieces of equipment make 
it hopeless to expect to measure 
“the temperature.” In large drying 
compartments the gradient may exceed 
50 F. when the desired temperature 
is only about 300 F., especially when 
trays or other obstructions prevent 
good circulation. The measurement of 
the temperature of non-incandescent 
pieces of solid materials inside an oven 
or other apparatus is also a difficult 
task. Even in the case of an empty 
oven—empty but for air or gas—the 
readings of a thermometer bulb or 
thermocouple junction will ordinarily 
be affected by conduction along, and 
by radiation from and to, the bulb 
chamber, well, or socket. When the 
air or gas is in motion, as in a jet 
or rocket, or in a low-velocity flue or 
duct, there is no such thing as “the” 
temperature and what is required for 
exact and complete knowledge is not 
a measurement but an investigation. 
But aren’t flue gas thermometers in 
constant use everywhere? Certainly; 
and their successful use provides an 
illustration of the Instrument Man’s 
“happy medium” view of temperature 
measurement and control: 

1. Too-painstaking scientific methods 
and the use of delicate non-industrial 
temperature instruments are unneces- 
sary for the successful routine conduct 
of industrial plants. 

2. Measurements of “the temper- 
ature” will be dependable and signifi- 
‘ant if properly-selected instruments 
are properly installed, with special care 
that their bulbs or couples be placed 
where the temperature is representa- 
tive. Actual immersion is not always 
necessary; in the operation of open- 
hearth furnaces, for example, radiation 
pyrometers which continuously meas- 
ure the roof temperature serve to con- 
trol the temperature of the liquid steel; 
and the steel temperature itself, as a 
rule, is only measured from time to 
time by means of immersion-type radi- 
ation blow tubes or sheathed thermo- 
couples. 

3. Automatic temperature control can 
be realized if the primary element be 
sufficiently responsive to temperature 
variations, the other elements adequate 
for their respective functions, and the 
whole properly installed on equipment 
that lends itself to control. 

After all, these statements are al- 
most self-evident, for they imply that 
the process equipment (a 10,000-hp. 
boiler or a candy kettle) must be suit- 
able for the use of temperature instru- 
ments; and that the instruments must 
be reliable. 

But before dealing with temperature 


processes in 


instruments, it is well to take up that 
peculiar thing, Temperature, which 
they measure and control. 

Just what is temperature? For more 
than three centuries after thermom- 
eters began to be manufactured, not 
even the world’s greatest scientists 
answered this question satisfactorily; 
about two centuries ago they formu- 
lated a definition for dictionaries: “Tem- 
perature is the degree of sensible heat 
of a body.” This definition was satisfy- 
ing to the general public—and still is. 
Less than a hundred years ago, scien- 
tists finally abandoned the view that 
heat was a substance and agreed that 
heat was a form of energy. In fact, heat 
is not a special form of energy but a 
manifestation or an aspect of energy: 
heat is simply the name of the energy 
transferrable from one body to another 
by radiation, conduction or convection 

-or by a combination of these three 
thermal processes. 

Modern authors of scientific books 
give a limited definition of temperature 
which is rigorously correct, for it is the 
mathematical expression of verifiable 
laws of nature—the laws of thermo- 
dynamics. Here it is: 

T/T, Q./Q, 

This exact mathematical definition 
can, of course, be expressed in words. 
Here is this definition in the words 
written in 1848 by William Thomson 
who later became Lord Kelvin: 

“The absolute values of two temper- 
atures are to one another in the pro- 
portion of the heat taken in to the 
heat rejected in a reversible thermo- 
dynamic engine with a source and re- 
frigerator at the higher and lower of 
the temperatures, respectively.” 

Here is another wording—perhaps 
the briefest: “Temperature is the re- 
ciprocal of Carnot’s function.” In terms 
of heat and entropy this means 

T dQ/dS 

The thermodynamic definition of tem- 

perature, though unquestionably exact, 
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is limited in that it defines the temper- 
ature of a Bopy of solid, liquid or gas- 
eous matter. It does not apply, for 
example, to the temperatures of the 
various kinds of subatomic particles 
that make up the atoms and molecules 
of a body. Thus, this definition lacks 
comprehensiveness. 

2. TEMPERATURE AS A MEASURABLE 

No longer can the subject of meas- 
uring the temperatures of subatomic 
particles be excluded; but, for the sake 
of convenience, the word ‘“tempera- 
ture,” throughout the remainder of the 
present chapter, will always mean the 
temperature of a Bopy. (Even a tiny 
body such as a dust-mote is composed 
of enough molecules for the statistical 
assumptions underlying modern views.) 

So the question “what is tempera- 
ture?” can be tabled in favor of a 
much more pertinent question: 

“What kind of a Measurable is tem- 
perature?” 

Looking up 
Measurables in 
this book, one 


Classifications of 
the first edition of 
finds that there are 
four answers: First, temperature is a 
CONTINUOUS-SERIES magnitude dis- 
tinguished from a countable quantity. 
Second, temperature is an INTENSIVE 
magnitude as distinguished from an 
extensive magnitude. Third, tempera- 
ture is a NON-ADDITIVE magnitude. 
Fourth, temperature is a FUNDAMENTAL 
magnitude as are length, mass, time, 
and the electric and magnetic proper- 
ties of free space. 
Combining these four 
As a measurable condition, tempera- 
ture is a continuous-series, intensive, 
non-additive fundamental magnitude. 
Now it becomes possible to formulate 
a definition of temperature which, 
though “limited” (in its thermodynamic 
application to a body) and hence not 
“precise,” is believed to be “correct”: 


the 


as 


answers: 


The temperature of a body is the in- 
tensity of its heat. 

Since every body in the universe has 
thermometric properties, the difficulty 
of defining temperature in terms other 
than human senses did not prevent the 
invention of many types of thermom- 
eters and pyrometers after the end of 
the sixteenth century. What makers 
and users wanted to measure was 
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Temperature Celsius* Kelvin 


(abs. C.) 
373.16 
273.16 

0.00 


(centigrade) 

100.000 

0.000 
273.16 


‘Standard name or scale by 


Steam point 
Ice point 


Abs. zero 


international agreement 


Rankin Réeaumur 


(abs. FL) 
671.69 
491.69 

0.00 


Fahrenheit 


80.0 
0.0 


212.000 
32.000 
459.69 


1948 





9 (deg. C.) 
Deg. F. 1. $2 


” 


‘ 


5 (deg. F. 
Deg. C. 
y 


but when converting temperature differences or ranges or spans: 


9 F.deg. 5 C.deg. 


5 C.deg. 9 F.deg. 


and bear in mind the order of the numerics and letters, for the difference 


between 200 deg. F. and 150 deg. F. 


heit” but 


(for example) is not “50 degrees Fahren- 
“50 Fahrenheit degrees” (written 50 F.°). 








“EFFECTS” 


VOLUMES, 
ENS, 
IMES, ICES” 
Measure- \LENGHTS, 
ase PRESSURES LIDS 


ments of ). etc 
in experiment 
onelasticities 
cooling rates, 
viscosities, 


“BODIES” 


GASES 


Measurements at the IC E Point 


Fig. 1. 


and others Today it 


“right.” 


“right” 
that none is 


“wrong.” 


This diagram represents a series of experiments. 
For example, 
the ice-point readings were 


Some experiments yield no clue. 
experiments B and F, 
the same as the steam-point readings. 


the majority of all 
ratio 


D represents 
they suggest a greater 
ice-to-steam 


Some readings are lower at a higher temperature. 
Example G represents the readings for a negative- 


coefficient substance. 


A, 
gases at 
changes at 
that, within 
thermometric 
substance.” 


(or their 
Today it is 


constant § pressure 
constant volume). 
limits, 


simply “the degree of sensible heat” 
of products being manufactured, of 
foods being cooked, of people suffering 
from fevers, of the air indoors and out- 
Before the eighteenth cen- 
such instruments were 
thermoscopes and pyroscopes rather 
than thermometers and pyrometers 
because their scales did not agree. And 
it was less than a hundred years ago 
that scientific knowledge finally made 
possible a meaning of “degrees” inde- 
of the particular materials 
mercury, alcohol, glass, electric wiring, 
that used in making ther- 
mometers and pyrometers. 

The ultimate International Standard 
which makes possible the measurement 
of temperatures is not a tangible thing 
International Meter or the 
International Ohm, but a collection of 
ideas and of detailed instructions for 

tandardization-laboratory workers: 

a government pamphlet entitled “The 
International Temperature Scale,’’ 
summarized on the next page. 

The temperature scale is a scale of 
intensities. Other intensive magnitudes 
than temperature—voltage and_ illu- 
mination being common examples—are 
relatively easy to measure because 
they are additive. 

Voltages may be added, 
multiplied and divided. One volt “here 
as one volt “there,” just 
as the fact that one yard “here” is 
the same as one yard “there” permits 
us to measure a furlong or mile (or 

foot or inch by subdivision). 

Not with the temperature scale, 
for the physical universe is such that 
a temperature interval “here” is dif- 
ferent from the same temperature in- 
terval “higher” or “lower.” This is 
true even if we use any non-linear 
temperature scale: all the phenomena 
of nature are different in one region of 
intensity of heat from what they are 


ete. 
however, 


door 8, 


tury, 


pendent 


ete. were 


such as the 


subtracted, 


is the same 


sO 


Before the Carnot-Kelvin Absolute Ther- 
modynamic Scale, there were as many temperature 
scales as there were combinations of effects and of 
substances. No single combination could be declared 
is known 


experiments: 
of zero-to-ice and 
intervals than the 2.7316 actuality. 


and E represent the expansion of some pure 
pressure 

known 
some pure gases possess the 
properties of Carnot’s “ideal working 


at the 
of bau STE 
Point 


Interval 





The 
} Fundamental 








73 times the Fundamental Interval->| 
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in a higher or lower region of intensity 
of heat. 

The year 1665 probably marks the 
transition from thermoscopy to ther- 
mometry: Huygens urged the use of 
what today we would call reproducible 
fixed points. He mentioned ice and boil- 
ing water. This Fundamental Interval, 
Fig. 1) made possible higher pre- 
cision, but each improvement in preci 
sion raised new questions as to the cor- 
rectness of different 

In 1701 Newton disclosed his 
ing-law method of measuring furnace 
temperature. In 1702 Guillaume Amon- 
tons made the important deduction that 
the absolute zero must be the point 
where the spring of the air in an air 
thermometer vanishes. Later in the 
eighteenth century Daniel Fahrenheit 
and Anders Celsius proposed systems 
of graduations, brought refinements 
(such as barometric corrections) to cal- 
ibrations at the ice-point and steam- 
point, and—more important as an 
advance toward trustworthy measure- 
ments—investigated the reliability of 
various thermometric substances. In 
this work they were joined by others. 
Before the end of the century, rigid 
specifications for manufacture and pur- 
ity of spirits, mercury, etc., were agreed 
The art of thermometry would 
become the of true 
measurements IF all 
stances, and IF utilizable effects 
such expansion, produced linear 
scale laws (see Fig But the scales 
of “perfectly thermometers 
employing different substances did not 
agree in the region half-way between 
two fixed points. And the discrepancies 
were even thermome- 
ters employing different utilizable 
effects of temperature (see Fig. 2). 

Well into the nineteenth century, 
scientists could not know which sub- 
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stance was the preferable thermometric 
substance. Nor could they deduce 
whether the combination of an ideal 
substance and of an ideal utilizable 
effect would produce a linear or log- 
arithmic or other kind of scale law. 

Carnot’s great mathematical work 
on the nature of an ideal heat engine 
represented a contribution to scientific 
measurement of temperature by defin- 
ing the ideal substance. 

As already mentioned, in 1848 Thom- 
son (Kelvin) defined the temperature 
scale in terms of Carnot’s ideal sub- 
stance. But his scale was TOO independ- 
ent of the properties of actual ma- 
terials: it could only be seen with the 
eyes of reason. Not until 1854 did he 
begin with Joule the famous porous- 
plug experiments with gases. Not until 
1862 did he announce the practical 
application of his thermodynamic scale 
to the making of visible thermometers 
with tangible scales. 

The thermodynamic scale, being an 
absolute scale of heat intensity, made 
it possible to locate the absolute zero 
with respect to the fundamental inter- 
ral; and also to assign fairly exact 
values to numerous natural fixed points 
above and below the ice-point and 
steam-point. Little by little, sources 
of errors in a number of methods were 
discovered and minimized. The plati- 
num-resistance method was refined un- 
til it became the practical standard 
which, in turn, permitted the improve- 
ment of radiation and optical pyrom- 
eters utilizing the fourth-power law 
and displacement law Chapter 
II) in high temperatgre work. 
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Fig. 2. 
of thermometer (using one 
effect) is divided into 100 
scales of all thermometers (using other sub- 
stances and effects) will not be uniform. In this 
graph, the “degrees” are obtained by assuming 
that the expansion of mercury between the ice 
point and the steam point is perfectly linear. 
(Only 0.19 of the expansion scale and 0.30 of 
the “degree” scale are shown in graph.) 

The volume of water (Smithsonian tables) is 
plotted on the same coordinates. Note that as its 
temperature is raised it contracts at first, reaches 
minimal volume at 4/100 of the ice-to-steam 
interval, then expands at an increasing rate. 

In the ice-to-steam interval, the readings of 
gas thermometers correspond closely to those 
of mercury thermometers and plot as nearly- 
straight lines. Pure gases were long used as the 
standards, against which mercury thermometers 
were calibrated. 

Note: Gas pressure or volume graduations not 
shown, differ on this graph from those for 
mercury and water. 


substance and 
equal degrees, the 


one 





Decades of such work in national 
standards laboratories culminated in 
1927 in the unanimous adoption, by 31 
countries, of “The International Tem- 
perature Scale” which described in de- 
tail the apparatus, the materials, the 
procedures and the corrections for the 
following fixed points: 


Point 
Oxygen 
Ice 
Steam 
Sulphur 
Silver 
Gold 


*Revised i 19 See 


The 1927 international standard pre- 
scribed also the means of interpolating 
between points and of extrapolating 
above the gold point. .Exactly-specified 
platinum resistance thermometers are 
the means prescribed for interpolations 
between the oxygen point and 660 C.; 
from 660 C. to the gold point, an exact- 
ly-specified thermoelectric method; and 
above the gold point an exactly-speci- 
fied monochromatic-optical method. 

In 1948 an international conference 
at Paris issued a slightly-revised scale 
and the National Bureau of Standards 
has been using it since 1949. The silver 
point value is given as 960.8 C. and the 
value of 1.438 was adopted for the 
constant ¢., in the radiation formulas 
for measuring temperature above the 
gold point. The other changes are of 
equal interest to readers doing cali- 
bration work. 


Deg. C. 
182.97 
0.000 
100.00 
444.60 
960.5* 
1063 


below 


The internationally-approved sets of 


instruments and apparatus for the 
fixed points are expensive and require 
trained operators. (Even the steam- 
point apparatus involves chemistry, 
barometry, etc.) For lack of space the 
elaborate procedures cannot be de- 
scribed in this book, but we may mention 
the commercial availability of: 

standards for the 
work, 


(1) secondary 
highest 
and 

(2) adjustable-temperature baths fur- 
naces designed and built especially for calibrating 
high-grade plus 
auxiliary 
calibration 


fixed-point 


precision attainable in industrial 


and 


thermometers and pyrometers, 


equipment likewise designed for such 


Note An 
bath or furnace 


constant 
will not do, 


“1 
work ordinary 


temperature 


Probable 


Revision 


At this writing (summer 1954) inter- 
national committees are considering re- 
defining the thermodynamic scale by 
assigning a number to a SINGLE FIXED 
POINT (as Kelvin had proposed) instead 
of assigning the numbers 0.000 and 
100.000 to the ice-point and steam-point. 
This method had previously (1702) been 
used in practice by Amontons in cali- 
brating his gas thermometers, but he 
had chosen the boiling point of water, 
which is difficult to “fix” exactly. To- 
day’s scientists favor the triple-point of 
H.O, whose temperature on the Inter- 
national Celsius Scale is 0.010 degree: 
it would be assigned the number 273.170 
on the new Kelvin Thermodynamic 
Scale. The NBS-design triple-point ap- 
paratus is inexpensive and fairly easy 
to use. 


3. ACCURACY, SENSITIVITY AND 
SPEED OF RESPONSE 
(a) Accuracy 


Between the ice point and the steam 
point, the world’s ultimate standard has 
three numerals after the decimal point; 
between the oxygen point and the ice 
point, two; between the steam point 
and the sulphur point, two; between 
the sulphur point and the silver point, 
one; above the silver point, none. 

Therefore, any assertion by anyone 
outside the NBS and similar national 
institutions that he measures temper- 
atures to a greater number of signifi- 
cant figures is not only boastful but 
unverifiable. 

It cannot be repeated too often that 
there is no TANGIBLE ultimate Standard 
like the Standard Meter and Standard 
Kilogram for measuring intensity of 
heat. The International Temperature 
Scale is not a THING shown to tourists 
who visit the NBS. It is a document. 
It assigns only three decimals to the 
values within the commonest tempera- 
ture ranges—and no decimal to values 
in the metallurgical and cracking-still 
ranges. 

The question is sometimes asked: 
“By what right do experimenters with 
liquid helium, ete., report temperatures 
such as ‘2.135 degrees absolute’?” The 
answer is that cryogenic laboratories 
have agreed on fixed points of their 
own and that when refinements dictate 
revisions, the new values are published 
(as was done on the I.T.S. for the silver 
point) so that the corresponding cor- 
rections can be uniformly applied to 
all previously-reported low-temperature 
experiments. 


(b) Sensitivity 


In 1886 Langley designed, for 
mapping of the sun’s infrared spectrum, 
bolometers sensitive to a millionth of 
a Celsius degree change. Today, the 
attainable Ultimate Sensitivity 
page 25 of the first edition of this book) 
of several types of primary elements is 
a billionth of a degree. Therefore, it is 
POSSIBLE to control the temperatures of 
well-insulated baths and ovens within 
smaller fractions of degrees than the 
accuracy to which these same tempera- 
tures can be measured. This possibility 
is recommended to instructors and dis 
cussion-group leaders as one topic that 
“keeps ’em awake.” 


his 


(see 


(c) Speed 


Temperature differs from most other 
measurables in that it cannot be meas- 
ured instantaneously—-the nearest ap- 
proximations being by the use of a 
photocell and cathode-ray indicator, by 
photographing an emission spectrum, 
etc. It always takes time for a bulb, 
thermocouple assembly, etc., to attain 
the temperature of the surrounding 
medium. Familiar example: even the 
new fever thermometers advertised as 
“quick-reading” take at least one full 
minute to “come to temperature.” 

Speed of response is not critically 
important when using indicating ther- 
mometers and pyrometers for measur- 


ing steady temperatures. It is desirable 
for recording variations. It is essential 
for recording fluctuations. It is ABSO- 
LUTELY NECESSARY FOR CONTROL 
whether manual or autsmatic: the slo- 
gan “You can’t control what the tem- 
perature WAS” is as true as when it 
was first published; so is our old dictum 
that “dead zones mean dead times and 
dead times mean dead zones” which 
means that a controller’s primary ele- 
ment must be fast. 

The chief cause of slow 
poor heat transfer to the outer surface 
of the primary-element assembly. The 
problem of poor heat transfer—in itself 

will never be fully solved for all ap- 
plications. Heat flows from a fluid to 
this solid (or vice versa) by reason of a 
difference of temperature. The smaller 
the difference, the smaller the flow. 
The flow depends also on the resist- 
ances which impede it—-exactly as does 
an electric current. These 
exist at every surface. They are least 
when the fluid moves rapidly past the 
primary element assembly; they are 
high when circulation is zero. In other 
words, at zero circulation the conduct- 
ance of heat has its lowest value—as 
if a high-resistance FILM surrounded 
the bulb or couple-protecting tube. 
Hence the expressions “film conduct 
ance” or “film coefficient” (in addition 
to “surface coefficient” which is a gen 
eral term including radiation). The film 
coefficients for gases are, of course, 
much lower than those for liquids, but 
different liquids have enormously dif 
ferent film coefficients. 

The over-all surface coefficient de 
pends partly on the fluid but it depends 
also on the material of which the solid 
the nature of the 
surface (rough or smooth); on its 
surface shape (with or without fins, 
etc.) and even on its “color” or spectral 
absorptance and emittance with em 
phasis on the infrared. A surface of a 
certain material may look black to the 
eye but may be a absorber of 
infrared; a surface of another material 
may be a perfect visual mirror but 
may poorly reflect infrared. 

The ideal material would have ex 
tremely high heat conductivity, of 
course, but—-and this is too often over- 
looked—it would “weigh nothing” (low 
density) and it would be “easy to heat” 
(low specific heat). 

Thus the ideal material would have 
an extremely high THERMAL DIFFUSIVITY 

which all-important property 1s: 
conductivity divided by (density times 
specific heat). Diffusivity may also be 
thought of as heat conductivity divided 
by heat capacity per unit volume. Re 
member that diffusivity is the most 
important thermometric property of 
protective wells, sockets, etc., for upon 
its value depends the speed with which 
a temperature wave travels by conduc 
tion. Here are the relative diffusivities 
or “speeds” of ten materials: 
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metal 


Stainless 
Monel 
Quartz 


Porcelain 


Copper 
Aluminum 
Brass 
Tron 
Carbon 


wrought) 
steel 8 (, las 





Next most important cause of slow 
response is an obvious one: the total 
weight of the primary-element assem- 
bly. Equally obvious is the geometry or 
form—specifically the ratio of surface 
to volume. Other things equal, the 
sphere is the slowest; next comes the 
stubby cylinder; and the ribbon or 
sheet has the shortest response time. 

[Equally important is the structural 
complexity or simplicity of the assem- 
bly. A one-piece element (no _ protec- 
tive cover) has the shortest response 
time. Next comes the plated or enam- 
eled solid element, or the liquid in a 
thin bulb. Slowest are the rugged in- 
dustrial assemblies with a number of 
concentric members and poor thermal 
contacts. 

Readers who have completed a modern course 
in Heat Transfer will remember that the thermal 
resistance of a sandwich paper 
thin metal 
plates may he A TIMES the thermal 
resistance of metal plate. The worst 
thermal are absence of contact: dead 


consisting of a 


mica sheet between two half-inch 


HUNDRED 
a one-inch 
“contacts” 
air spaces 


For good automatic control, the pri- 
mary element must not only be fast 
but must instantly respond when a 
change in the controlled temperature 
occurs. It must be a quick-starter. Pri- 
mary-element assemblies with complex 
structures are slow starters and the 
result of dead time is a dead zone. One- 
piece primary elements with large sur- 
face-to-volume ratios are the best quick- 
starters. 

Conclusion: Speed is as important as 
sensitivity. 


4. CLASSIFICATIONS AS PRACTICAL TOOLS 


The usefulness of classifications is 
greatest in the field of temperature 
measurement and control, where in- 
strument users find a greater number 
of methods, of utilizable effects, and of 
systems and components, than in any 
other field. With thousands of vari- 
eties of ready-to-use temperature in- 
struments available, even the  non- 
technical user (who does no more than 
purchase) faces problems of selection 
which cannot be solved by sticking a 
pin at random in a classified directory 
but are best solved by the classificatory 
frame of mind. And the technical user 
who has the choice of millions of 
different combinations of components 
faces almost every day a formidable 
problem of selection. 

Every occupational circle can con- 
struct at least one partial classification 
never attempted before; and use this 
new classification as a practical tool. In 
the ceramic industry, for example, the 
fact that pyrometric cones satisfy re- 
quirements is more important than the 
fact that they have no pointers and 
scales. The specific fact that a cone 
slumps at its end point, however, sug- 
gests two unusual ways of classifying 
all temperature instruments: 

(A) B 
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Eight Simple Classifications of All 
Temperature Instruments are given be- 
low, each representing a distinct point 
of view: 

(¢ (D) 


1. Contact j 
Distance 


Local 
2 Telemetering 
E (ft 
Portable 


soard- or 


Indicating 


Maximum- or mini- wall 


mum-reg mounted 


istering 
Suilt-in 
Convertible 


Recording 
Controlling 


Combination 


G (H 
Single-point Ready-to-use’ or 


Selector switch type factory calibrated” 


Requires calibration 
I K 

l.aborator 

Plant 

Field 


Universal 


Serentifc 

Industrial 

Domestic 

Universal 4 


Lists (1) and (K) are not genuine 
classifications (made up of mutually- 
exclusive categories). A  vest-pocket 
thermometer may be “scientific” or “in- 
dustrial” depending on the wearer of 
the vest—and “domestic” when it is 
clipped to a housewife’s apron-pocket. 
Thus, most vest-pocket thermometers 
are “universal.” Therefore, the cate- 
gories are not mutually-exclusive. 

Another seheme for classifying 
instruments is by 
cories, defined by 


classifications 


temperature 
graded cate- 
like size 
etc. Such 
have mathemat- 
lines, Their 
references for 


quantitatively 
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supplemental 
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ical infinitesimals for dividing 
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more 


1. Limits of practicable 
extend from 
100° Abs. 
Similarly 


ranges 
O°’ Abs. to 
3, 4, ete 
defined 
All of the above are simple and obvi- 
but combining them in various 
ways is a good homework exercise—as 
well as a means of making decisions in 
the plant. Although not all combina- 
tions are possible, the combination of 
types from two or more different lists 
should be carried out. Busy purchasing 
engineers will find such “exercises” a 
time-saving tool. 
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printing on the chart 


cell, to a radiation-receiver 
resistance coil or to a 


might be recording the alternaton 


in a hydroelectric plant two hundred miles away 

Since methods—rather than things 

are of supreme importance in tem- 
perature work, a careful reading of 
the twelve classificatory schemes given 
on pages 18-19 of the first edition of 
this book is recommended. These per- 
tain to general methods of measuring 


frequency of an 


any magnitude. The methods of meas- 
uring temperature in particular can be 
classified in some of these twelve ways, 
but not in all. (The reader may enjoy 
sharpening his judgment by deducing 
the reasons why some of these twelve 
schemes do not apply.) 


5. THE RATIONAL CLASSIFICATION 

For some unknown reason the scien- 
tists themselves, though always inter- 
ested in temperature measurement and 
control, failed for four centuries to ap- 
ply their own methodology to this field. 
None of their classifications deserved 
to be regarded as more than a clumsy 
list of names—some names utterly lack- 
ing precise meanings. 

Then America took the lead. The 
American Institute of Physics, aided 
by chemical, geological, biological and 
other American scientific bodies, con- 
vened its great Temperature Symposi- 
um in 1939 and assigned to one worker 
the subject of Classification. The 
following extract from his paper re- 
ports how his classification (shown here 
as Table I) was constructed: 
Vethods, Not by Things 
an instrument is a physical embodiment 


classification 


Classify by Since 
of a 
according 
methods 
said to be “ideal” in the same sense that 
the Carnot-Kelvin working and the 
Kirchhoff blackbody are 
method of temperature is 
a method of utilizing an effect of temperature, a 
classification fundamental 
gories of utilized effects suggests itself. 
Such a classification is here attempted for the 
first time, For its prime 


method, a fundamental 


to classes of fundamental measurement 
may be 
substance 
ideal.” 

Since a measuring 


according to cate 


division into a conveni- 
ently small number of collectively-exhaustive and 
mutually-exclusive categories, we may start from 
fact that the whole 
measurement is 


a consideration of the prac 
founded on 


because of a 


tice of temperature 
fixed points. It always is discon- 
tinuous effect of heating or cooling a substance 
when it undergoes a change of state that this 
substance has temperatures of equilibrium, Such 
effects are always reversible, and the combina- 
tion makes possible the use of these fixed points. 
Therefore the basic methods defining the inter- 
national standard are those which utilize dts- 
continuous reversible effects. The great majority 
of methods used in practice, of course, are based 
on continuous effects. A pyrometric 
cone is an example of a discontinuous trrevera 
effect. These considerations lead to the 
following prime division 

I. Methods utilizing discontinuous reversible 

effects 

II. Methods employing continuous effects 
IIT. Methods utilizing irreversible effects 

IV. Combination methods 

V. Miscellaneous 

These 


reversible 


ible 


methods 
five mutually-exclusive and collectively- 
exhaustive categories may be called “Divisions.” 
Each division except the ‘‘miscellaneous”’ should 
comprise a list of mutually-exclusive and collec- 
tively-exhaustive “‘Classes."’ Each would be 
divided mutually-exclusive ‘Types, col 
lectively Within 
’ may 
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exhaustive as far as possible 


each type, the “Varieties” or “Sub-types’ 
be mere lists 

At each 
classification 
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Divisions I, III and IV into 
wide interest, 
but Division IIT surely challenges the ingenuity 
of all future workers . The table is left in- 
complete, but it includes suggestions for alterna- 
tive . Class 1 
of Division II is not instead of the 
mere list of fifteen out of 50-odd 
there might be 
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schemes 
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TABLE II 
INDUSTRIAL CLASSIFICATION OF 
TEMPERATURE MEASURING 
INSTRUMENTS 


. Expansion Thermometers 


TABLE I—RATIONAL CLASSIFICATION OF 
TEMPERATURE MEASUREMENT METHODS 
I. Methods Utilizing Discontinuous Reversible Effects 
}. Freezing point. ; 
2. Boiling point. 


must be drawn (both meanings) between Liquid-in-glass (Visible-column) 
equilibrium temperature effects which include the . 


Mo lar transfor 9 

3. I lecula ea fe mation pe int. International Standards, and all others. a. Mercury customary types 
4. Solubility. 1) Industrial (complete protection) 
5. Color. 2) Semi-industrial (inel. special-purpose ) 
Ter 3) Misee (pocket 

Etc. 4 Etehed-stem ‘laboratory,”’ 


A line 





lHaneous wall, ete.) 
“chemi 
eal testing ') 


II. Methods Employing Continuous Effects 
1. Properties of bodies. 


a. Thermal expansion, expansivity, expansibility. 
(2) of liquids 


(3) of solids 


Conductivity, resistivity (electrical). 
(1) of metals, of alloys. | | 
(2) of other solids. 
(3) of electrolytes | 
(4) of ionized gases, etc j 
Viscosity, fluidity. 
Refractivity. 
Vapor pressure. 
Magnetic susceptibility. 
Sound velocity. 
Dielectric “constant.” 
Elasticity. 
iffects between bodies. 
Simple differences of properties. II. 
(1) Expansivities 

(a) Bimetallic. ; 
Ete. , : . Electrical Resistance 
Effects at interfaces (‘“‘junctions,” etc.). a. Platinum (standard) 
(1) Solid vs. solid. ay 

: Instruments classified also by utilization of effects, modes of con- " ke . = vata 
(2) Solid vs. liquid calelon of anesey: termadaseuiie, ws. , Nick« l, copper, tungsten, 

Semiconductors 


(3) Liquid vs. liquid. 
Thermoelectric 


Radiation effects. 
(1) Methods utilizing Stefan-Boltzmann fourth-power law. 
(2) Methods utilizing displacement of maximum energy density. (Color temperatures, of a. Rare-metals 
stars, etc.) an ol p am 
(3) Methods utilizing selected band or effective wave-length b. Spec ial alloys 
(a) Measurement of the monochromatic (a) Selection by filtration as in use of ce. C-SiC 
energy by visual matching red glass. 
(b) Measurement by ‘extinction’ meth- (b) Selection by spectral curve of re- 
ods, etc. ete. ceiver: photocell, plate emulsion, ete. 
(c) Combinations of (a) and (b). 
(4) Methods utilizing ratio of energy at two effective wave-lengths. (‘Two-color pyrometry.”) 
(a), (b), ete.: Further subdivision into visual and autometric; then by types of electrical 
ratio instruments, etc E 
Spectroscopic, spectrographic or spectrometric methods a. 


FE nclosed-scale 
Mercury — special 
ture glass 
Alcohol, toluol, pentane, 
Gallium in quartz 


high-tempera- 


(1) of gases Instruments are classified by utilized coefficient (linear, cubical); also as Gi etc, 


cathetometric, extensometric, volumetric, etc. , 
( 


Solid expansion 


Resistance measurement methods classifiable by type of circuit, a. Metal and refractory 
by type of instrument (deflection, self-balancing, etc.) and in : 
other ways. b. Bimetal 

1 Integral 


Two 


one element 


Rotatory polarization. 
Color of transmitted light. 
. Color of reflected light. 
. Hydrogen-ion concentration. a. 
Specific heat. 
Compressibility. c 
Etc., ete., etc. ‘ 


metallic members 


Pressure-spring 
Mercury 
Xylene, ete. 
Vapor-pressure 
d. Gas 


Electrical Thermometers 
and Pyrometers 


Pino rmmp ao 


ete. 


III. Radiation Thermometers 
and Pyrometers 


Total-radiation 
“Hand” 


(5) 
b, Autometric, autographic, 


Etc. ete. 


Selective-radiation 
a. Visual 

(i) Brightness 
(2) 


III. Methods Utilizing Irreversible Effects 


Color change. Etc. 


Fusion. ra 
Color 


Autometric, 
Phototube 
Photocell 


IV. 


IV. Combination Methods bh 


tempera- 1) 

temperature coefficient of capacitance 2) 
t.c. of pitch of almost any musical instr. 
and other devices requiring trans- 
port or transfer or manipulation of the body or of a continuous sample 


autographic, etc. 


Methods using a temperature coefficient of an entire assembly. Examples: imate 
ture coefficient of conductance of a thyratron; 
of a capacitor; temp. coeff. of rate of a clock; 


“Calorimetric pyrometers,” “aspiration pvrometers” 


receiver 


Miscellaneous 

. Fusion (“cones,” ete.) 

2. Color Change (of thermoscopic 
pastes, liquids or pellets). 

. Solubility 

. Sound Velocity 
Electrical “ 

te., ete. 


Methods requiring the introduction of an “indicator” as in line-reversal method. 


V. Miscellaneous Methods 
(Miscellaneous in the sense of not includable in other divisions.) 


*From ‘‘Classifications 
can Institute of Physics 
Reinhold Publishing Co 


Symposium of Amer!- noise” 


and Industry,”’ 


of Temperature Instruments’’ by M. F. Behar, 1939 Temperature 
Rook title Temperature—Its Measurement and Control in Science 
New York, 1941. (This table is a facsimile reproduction of page 350 


PART 2 
MERCURY-IN-GLASS THERMOMETERS 


II into Classes, not merely of Class 1. into 
Types. An argument for this view is that the 
thermoelectric effect is not mentioned by name 
But it is not overlooked: although thermoelectric 
power is property of a body, this property is 1. GENERAL CHARACTERISTICS 
not utilized per se in temperature measurement The essential yhvsical a . 
ss si rts of a 
and hence is purposely omitted from IT, 1. What risible-li td-col tte | P . 
is utilized in instruments is an van ORES CREE : 5 lermomever —_ 
effect between bodies (II, 2) and specifically an prise only the tube and the liquid, The 
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made up in 1926 by and for Instru- 
mentation is given here (with additions portion, which may be of different ncn ne 
Proposed terms, Recorder Controller Section, SAMA 


the bore, is the column or thread. To 
prevent spilling and evaporation, the 
tip of the stem is sealed and therefore 
the body of gas above the top of the 
liquid thread in the bore becomes a 
third physical “part” of the instrument. 
This gas may be the room air that 
happens to be left there; or it may be 


thermoelectric 





“Transparent Portion” 


recognizing new inventions) as Table 
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a carefully-measured quantity of pure 
inert gas deliberately introduced for 
various purposes. One purpose is to 
prevent “thread-break” or “column sep- 
aration.” Another is to permit the in- 
strument be used at temperatures 
higher than the atmospheric-pressure 
boiling-point of the liquid. 

To prevent injuriously excessive pres- 
sures when the thread rises and com- 
presses the gas, there usually is an en- 
largement of the bore at the tip of the 
stem, so that the larger portion of the 
body of gas is in this expansion cham- 

reservotr, 
for the essential 
parts. The device not 
measuring instrument, however, until 
it is provided with a scale. A_ plain 
thermometer, as described above, 
usually calibrated by immersion (to a 
standardized depth) in a series of con- 
stant-temperature baths numbering 
from two to as many as called for in 
rigid specifications. At each bath, the 
worker files a tiny mark on the stem 
opposite the top of the thread. This 
operation is known as pointing. A five- 
point thermometer is one whose scale is 
presumably accurate within limits of 
observation at five such points. 

Automatic scale-engraving machines, 
which follow the calibration curve of 
each individual instrument, are used 
for engraving the scales of thermom- 
eters after pointing at three or more 
temperatures. (For a two-point cali- 
bration the graduations are merely 
made uniform.) The residual error is 
greatest, of course, mid-way between 
points, but with the uniform-bore tub- 
ing available today, a two-point in- 
strument with separate scale may be 
acceptable for some uses. 
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Fig. 4. Showing some of the numerous forms of standard connections of industrial thermometers 
and giving some of the SAMA's proposed standard terms. 
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in proper relation to each other; and 
the mark on the tube should be so plain 
that accidental slippage can be detected 
without using a magnifying glass. 


MEASURING PROPERTIES OF 
PARTICULAR INTEREST 

Readability—A number of forms of 
mercury-in-glass thermometers have 
had their readability greatly improved 
by various means. The principal means 
consists in substituting, for the tradi- 
tional cylindrical stem, one of approxi- 
mately triangular cross-section, with a 
rounded edge facing the observer. This 
“lens front” magnifies the apparent 
width of the mercury thread. 

This method, though a decided im- 
provement, has been supplemented by 
arrangement designed to provide color 
contrasts because the lens front alone 
cannot make mercury as visible as 
brightly-colored alcohols. Strips of 
white glass and ruby glass, at the back 
of the stem, appeared on the market 
more than half a century ago. Since 
the nineteen-twenties, stem construc- 
tions affording greater readability have 
been brought out. See Fig. 5.* 

Attainable Precision.—Theoretically, 
with an enormous ratio of bulb volume 
to bore volume, the only limit to pre- 
cision or Unit Sensitivity (not Accur- 
acy) would be imposed, in a thermome- 
ter of convenient dimensions, by the 
difficulty of seeing the top of a filament- 
like column and by capillarity effects. 
Practical limitations of size, weight, 

*The author assumes responsibility for im- 


perfect draftsmanship and imperfect presenta- 
tion of the advantages of each invention. 
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of glass-stem thermometers. 


A porcelain-scale laboratory thermometer with relatively large area of 
bulb surface to bulb volume to improve speed of response to temperature changes. 
Fig. 


A difference-thermometer or Beckmann thermometer. 


(See text for method of 





cost and characteristics of glasses (in- 
cluding fused silica, etc.) create obvious 
difficulties in the manufacture, calibra- 
tion and use of theoretically-possible 
instruments. Moreover, sources of error 
would make an extraordinary degree of 
precision (such as 0.01 F. degree) a 
source of delusion. Finally, electrical 
thermometers are available for extreme 
precision work. Therefore, even the 
finest “test-grade” glass thermometers 
are seldom made to be read to 
than about 0.02 degree (engraved grad- 
uations 0.1 degree). 

Stability—No single type of glass 
can combine all desired properties. 
Many thermometer makers use different 
types of glass for bulbs, stems and for 
the connecting tubing between bulb and 
graduated stem. This diversification 
has minimized but not eliminated aging 
effects. Any piece of glass, even if 
kept on a shelf, will undergo changes 
during the years following its manufac- 
ture. The glass used in high-grade 
thermometers has been aged either 
naturally or by some special process, 
whereby the changes ocecur- 
ring in use are minimized. 

The elasticity of the glass from which 
the bulb is blown is a critically im- 
portant property. Since the bulb is the 
very portion which is exposed to tem- 
perature changes, exposure of a ther- 
mometer to temperatures much higher 
or much lower than its range limits 
may undo the good effects of the manu- 
facturer’s aging process. Always re- 
member that mechanical or thermal 
shocks may cause invisible changes (in 
properties if not in dimensions) which 
will irremediably impair the accuracy 
of any glass instrument. 

Accuracy.—F rom the viewpoint of the 
industrial user, readability, precision 
and stability are the three chief factors 
contributing to the intrinsic accuracy 
of glass thermometers. The extrinsic 
accuracy of a glass thermometer may 
equal its intrinsic accuracy if it is per- 
manently installed in an application 
where immersion and other factors (in- 
eluding circulation) all remain con- 
stant. Portable thermometers are sub- 
ject to serious errors if not immersed 
exactly to the mark and otherwise used 
under calibration conditions. 

Slow Response.—Of all widely-used 
temperature instruments, the liquid-in- 
glass thermometer has the longest char- 
acteristic time. The “quick-reading” 
laboratory thermometer shown in Fig. 
6 is advertised as a “three-second ther- 
mometer’’—no doubt referring to its re- 
sponse in rapidly-circulating water, in 
which case its response in stagnant air 
would be several minutes—which IS 
quick for a glass thermometer. 

3. INDUSTRIAL THERMOMETERS 

These widely and importantly used 
instruments embody the usual glass 
tube thermometer, but it is completely 
surrounded and protected by metal and 
plate glass. The removable plate glass 
front, framed in aluminum, bronze, or 
other material, may appear to be a 
minor item, but it distinguishes those 
thermometers which really deserve the 


less 


residual 


title of “industrial” from the “oval- 
back,” “open-V” and “miscellaneous” 
thermometers. Out of more than a 
hundred thermometer makers in the 
United States, only a dozen or so manu- 
facture genuine industrial thermome- 
ters. In addition to superior mechanical 
construction, industrial thermometers 
embody hidden virtues that show up in 
actual service, and distinguish them 
further from the “semi-industrial” 
types. The glass itself meets exacting 
specifications and the raw tubes are 
selected with care (we recall seeing a 
barrel of deliberately smashed rejects 
in one factory). It is heat-treated. 
Bulbs and capillaries are made of spe- 
cial-composition glass. A dry, inert gas 
(usually nitrogen) fills the bore above 
the mercury and prevents thread-break. 
Each pair of scales is graduated for 
its tube, which is pointed at several 
temperatures; and each tube is so held 
that it cannot slip. The mercury is of 
exceptional purity. Colored alcohol and 
other low-range liquids are supplied for 
applications where the industrial type 
of thermometer is desired and where 
temperatures below —40 have to be 
indicated. 

Several manufacturers 
oped various forms of “extra-heavy- 
duty” and “super-service” mechanical 
protection. They have also brought out 
various forms of heat-insulating sleeves 
to minimize heat conduction between the 
scale-case and the parts in contact 
with the wall of the apparatus or pipe. 
tecent introduction by the plastics in- 
dustry of heat-insulating materials of 
metal-like strength has made it possible 
to have the benefit of this feature with- 
out impairment of ruggedness. Among 
other modern features, mention may be 
made of the use of a flexible capillary 
between bulb and tube which permits 
adjusting at will the angle between 
bulb and seale-case. 

Bare Bulbs.—For many applications, 
particularly where gas temperatures 
must be measured, the glass bulb should 
not be enclosed in a bulb chamber be- 
cause the lag might be objectionably 
great. For such applications it is well 
to specify a bare bulb, protected by a 
suitable guard such as a_ perforated 
metal tube of comparatively large di- 
ameter. 

Principal Sizes of Industrial Ther- 
mometers.—Standard scale-length sizes 
are 7,9 and 12 inches. The scale cases 
are between 1% and 2 inches longer. 

High Ranges——Thermometers of 
typical “industrial” construction are 
not recommended for use above 900 F. 
Special instruments, variously known 
as tempering-bath thermometers, type- 
metal thermometers, flue-gas thermome 
ters, ete., when made with care of se- 
lected materials, may be exceptions to 
this statement. 

4. BECKMAN OR DIFFERENTIAL 
THERMOMETERS 

If the volume of the expansion cham- 
ber or upper reservoir (mentioned at 
the beginning of this Part) be made as 
large as that of the bulb, there will be 
no danger of overranging a short-range 


have devel- 


thermometer. The difference thermome- 
ter, also known as the Beckmann type 
(Fig. 7) not only employs this idea but 
is so designed that (1) some mercury 
can overflow from the top of the bore 
into this reservoir and stay there; and 
(2) some mercury can be transferred 
back by manipulating the instrument. 
Every time this happens, of course, the 
range is displaced—which is exactly 
what the inventor desired that the user 
should be able to do at will. Beckmann 
thermometers may be graduated in 
hundredths of a degree (F. or C.). 
Their obvious purpose is to measure 
small (say 2-deg.) temperature changes 
or temperature differences with a rela 
tively small error—small in percent of 
this change or difference. Among fea- 
tures of improved designs may be men- 
tioned an auxiliary scale for'the uppe: 
body of mercury and a “dropping” ar- 
rangement whereby each drop of mer 
cury has a rated value in relation to 
the auxiliary scale. This minimizes 
the drudgery of “setting” the instru- 
ment to the desired correspondence 
between the mid-point of its scale 
range and a definite temperature. 


5. HIGH-TEMPERATURE VISIBLE-COLUMN 
THERMOMETERS 

Mercury-in-glass thermometers 
should not, rule, be used above 
850 F. The use of special glasses and 
glass-like materials, with higher soften 
ing points, permits higher 
ranges by permitting the gas to he 
compressed and the boiling-point of 
the mercury raised, without injuriou 
effects. The other solution of the prob- 
lem is to use gallium (boiling-point 
around 2900 F.) in a tube made of one 
of these special materials, such as fused 
quartz. 

“Hyperthermometers” are scaled up 
to 1200 F. or 650 C. They are similar 
to the etched-stem instruments in gen 
eral appearance, the main difference 
being in the glass which has a higher 
softening point. 


as a 


mercury 


6. LOW-TEMPERATURE VISIBLE-COLUMN 
THERMOMETERS 
numbers in ther- 
mometry are 0 and 100; 82, 212 and 
180; and also —40 where C. and F. 
meet and where mercury freezes. (Ex 
act f-p., —88.783 C.) The principal 
thermometric liquids used for measure 
ments below —40 deg. are: 


Best-remembered 


Customary limits of 
Liquid scale graduations 


Lower 


Upper 
C. F’, 
300 150 


F. 
80 
130 


330 


Alcohol 60 
Taluol ............ —95 
Pentane 200 
“Pro-pro” 220 360 
(Equal propane and 
Hochnadel May 1954, p 


30 
30 80 
30 ral] 


propylene; C 


y24) 


80 


volumes of 


eS] 


It may be worth mentioning also that 
if, instead of pure mercury, a eutectic 
alloy of 91.5% mercury and 8.5% thal- 
lium is used as the thermometric liquid, 
the lower point of the range can be 
brought down to —60 C. or —76 F, 





PART 3 
SOLID EXPANSION THERMOMETERS 


1. DIFFERENTIAL LINEAR EXPANSION 


THERMOMETERS 

The first industrial devices for meas- 
uring temperature by the change of 
length of a solid were clay cylinders 
used by Wedgwood in the 18th century. 
The expansion of platinum was used 
by Daniell for high-temperature meas- 
urement early in the 19th century. All 
such devices utilize the differential ex- 
pansion of two solids, for there must be 
a reference member which not 
change its dimensions as the 
thermometric member. The earliest py- 
rometers regularly manufactured for 
industrial use, therefore, consisted of 
two rods or tubes. At the furnace end 
of the device the two materials were 
attached; at the dial head of the device, 
the ends of the two rods or tubes were 
free to move in relation to each other 
and this motion actuated the pointer. 
There are modernized forms several 
feet in length, the stem consisting of 
an outer metal tube and of an inner 
refractory rod; and the dial generally 
being perpendicular to the stem. 

The expansion coefficients of all 
known solid materials—even “pure” 
precious metals—-change as a result of 
repeated cycles of temperature changes. 
Such instruments should seldom be 
used above a dull red heat; and 1000 F. 
is the usual upper limit when the tube 
is made of any kind of iron or steel. 
Neither can the refractory member be 
expected to remain an invariable stand- 
ard of reference. However, one fre- 
quently hears an old-timer say that 
such instruments “settle down” after 
a few months of being “cured” by ac- 
tual service, and that after resetting 
the pointer at the end of such a cure 
the instrument stays accurate for many 
years. One may assume that the instru- 
ments were found accurate because they 
were designed to be read to the near- 
est 10 degrees or so. 

Rod-type units cannot be dismissed 
without mentioning their high power 
as compared with units which deflect. 
Even allowing for the much smaller 
travel and for the elasticity of a “rigid” 
rod, the product of available force 
times distance is hundreds of times 
greater for the rods than for the spring- 
like elements. Since energy is the de- 
ciding factor in large (say 12-in. dial) 
instruments and in the operation of 
valves, the rod element will not 
pass out of the picture. !t is success- 
fully used in many inexpensive (but 
not poor-grade) thermostats for mass- 
produced ovens and other appliances 
not only for on-off control by operating 
snap switches, but also for proportional 
control by operating fuel valves (either 
directly or through an air valve to a 
diaphragm-motor valve). 

Rod-type units, because of their high 
make excellent primary ele- 
for pneumatic telemetering.* 

*Especially for operating the position-balance 
type of transmitter, some forms of which exert a 
load on the moving member of the measuring 
system. 
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The combination of a rod thermometer 
and a 3-to-15-psi. transmitter would 
seem to offer attractive possibilities.** 


2. DIFFERENTIAL SOLID CUBICAL 
EXPANSION THERMOMETERS 


In the instruments just dealt with, 
the actual measurement is that of the 
difference between two lengths—which 
of course is itself a length. 

The difference between two volumes 
is itself a volume. Therefore, the indi- 
cating or recording means of a differ- 
ential solid cubical expansion ther- 
mometer must be a volume-indicating 
(or -recording) device. 

The bulb of a differential solid cubi- 
cal expansion thermometer comprises 
an outer shell and an inner shell near- 
ly filling the outer shell. For the sake 
of speed of response, the outer shell is 


Thermometrie 
Element 
th igh coefficient ) 
—Transmitting Liquid 
(low coefficient) 


Invar, quartz or other 
low-coefiicient material 





a high-coefficient metal and the inner 
shell is a refractory or low-coefficient 
alloy. The outer shell, therefore, is the 
thermometric member. A liquid fills the 
volume between the outer and inner 
shells. In the simplest form (not 
shown) the indicating means would 
be a vertical small-bore transparent 
tube open at the top. In the commercial 
form the liquid actuates, through con- 
necting tubing, a bellows or helix or 
Bourdon tube. The liquid flows FROM 
the helix INTO the bulb as the measured 
temperature RISES, and vice versa. The 
ideal liquid would be incompressible, 
would be perfectly non-thermometric 
(zero thermal expansivity) and would 
neither freeze nor boil at the low and 
high temperature extremes which the 
outer shell can safely withstand. There 
is no such liquid. Water is “incompress- 
ible” in such an application and has a 
low temperature coefficient, but its safe 
range is too short (possible damage by 
ice or steam). Mercury seems to be 
favored in the commercial instruments 

no doubt because its expansivity is 
among the lowest. When it is used, the 
outer shell (the thermometric member) 
is made of steel or stainless steel. 

~** This combination is such a “natural” that 
it probably is being made; but the writer has 
not found it catalogued by any leading instru- 
ment company. 


Speed of response is inversely pro- 
portional to thickness of outer shell. 
Industrial service conditions and actu- 
ating-power requirements (see Part 4) 
preclude the use of thin sheet steel 
(such as used in tin cans, for example) 
which would give as short a charac- 
teristic time as a bare-wire resistance 
thermometer. Nevertheless, the strong- 
shell instruments are two to six times 
faster than pressure-spring thermome- 
ters with bulbs having the same out- 
side dimensions. 


3. BIMETAL DEFLECTION THERMOMETERS 

The field of solid expansion ther- 
mometers today comprises few metal- 
and-refractory or two-metal-member de- 
vices. This field now belongs almost en- 
tirely to instruments employing single- 
member bimetallic elements. The manu- 
facture of these elements has become 
a special industry because of growing 
demand for simple thermostatic devices 
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Fig. 9. SAMA’s proposed standard terms for 
bimetallic thermometers. 
mass-produced for household devices. 
Thus it has come about that the term 
“bimetallic thermal element” is being 
supplanted by the name of the product 
from which such elements are made— 
which is “thermostatic bimetal.” 

Thermostatic bimetal is a metallur- 
gical product made from two metals 
which have different temperature co- 
efficients of expansion and which have 
been firmly bonded at their face of 
contact. When subjected to a change 
in temperature, the composite material 
will change shape, which change of 
shape is utilized for measurement and 
control purposes. In addition to having 
widely different coefficients of expan- 
sion, the components must have me- 
chanical properties suitable to mini- 
mize hysteresis and provide adequate 
strength. (For exampie, lead cannot 
be used as a component.) The two 
component metals are usually of equal 
thickness and firmly joined before be- 
ing rolled down to size. 

The first known application of ther- 
mometric bimetals was in balance-wheel 
compensators, supposed to have been 
used in 1775 by the great watchmaker 
Abraham Louis Breguet, who later in- 
vented the bimetallic spiral thermome- 
With the discovery by C. E. Guil- 
laume in 1898-1899 of the low-expand- 
ing alloy known as invar, consisting of 
36% nickel and the remainder iron, a 
new impetus was given the work on 
bimetals. A number of bimetallic-spiral 
thermometers appeared on the Euro- 
pean and American markets. 











cer. 





The effectiveness of a given bimetal 
depends upon the difference in thermal 
expansivity of the two components. 
Although numerous alloys now on the 
market have high expansivity, there are 
only a few alloys with expansivity nil 
or negative or at any rate sufficiently 
low for commercial use in bimetals. 
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The original spiral elements have 
been giving way to helical elements in 
indicating and recording thermometers. 
One form of bimetal element consists 
(Fig. 10) of several concentric helices, 
so wound that their rotational deflec- 
tion is additive while their axial dis- 
placement is mutually counterbalanced. 
These concentric helical springs are 
wound from a single strip of bimetal. 


This design permits the construction of 
thermometers of sufficient torque to 
provide deflection of a pointer over a 
scale long enough to be read to frac- 
tions of a degree, with a thermal ele- 
ment as small as the bulb of a glass 
thermometer. 

The structural design of the great 
majority of bimetal elements is such 
as to produce a deflection—generally 
a rotation. In some applications, re- 
quirements call for a straight-line ef- 
fect. A new form of element provides 
linear expansion and contraction from 
the bimetal element. In the manufac- 
ture of this unit, the narrow (approx. 
1% in.) bimetal ribbon is wound in the 
form of a coil having the same outside 
diameter as the ribbon itself. The 
appearance of the helix at this stage 
is like that of a “spiral-wound” flex- 
ible armored cable. The next stage is 
to take a long length of this narrow 
coil, say 30 inches, and coil it into a 
helix which has an outside diameter 
of approx. % in. but which is only 
approx. 2% in. long. The final result 
of this process is a unit which has the 
property of expanding and contracting 
in a straight line coinciding with its 
own longitudinal axis. 


PART 4 
PRESSURE-SPRING OR FILLED-SYSTEM THERMOMETERS 


1. GENERAL CHARACTERISTICS 


Pressure-spring thermometers ordi- 


narily embody a system consisting of 
(1) a primary element in the form of 
a bulb, (2) a flexible capillary connect- 


ing tube and (3) a hollow pressure- 
responsive spring which moves the 
pointer or pen-arm (or which actuates 
the pilot or relay in a controller). 
Therefore they are sometimes referred 
to as “pressure gage” thermometers. 
The system contains a_ thermometric 
liquid or gas. The utilized temperature 
effect of this substance is always a 
pressure effect—even when its thermo- 
metric property is expansivity. 

The universally accepted classifi- 
cation of pressure-spring thermometers 
is by the “filling” of the system. The 
original scheme (still used in some 
cases) was into three numbered classes. 
The usual engineering designation of 
these three classes has been “liquid ex- 
pansion,” “vapor-pressure” and “gas- 
filled.” Without aiming to overthrow 
this classification into three classes, the 
author pointed out in 1930 the useful- 
ness of recognizing that there are four 
classes. His reason—as valid now as 
in 1930—is as follows: The vapor- 
pressure systems and the gas-filled sys- 
tems may each be conveniently de- 
scribed and studied as a class; but the 
“liquid expansion class” is different: 
with regard to applications, character- 
istics, limitations, ete., it really con- 
sists of two sub-classes, (a) mercury, 
and (b) liquids other than mercury. 
Such liquids may be various hydro- 
carbons, but xylene* has for some 


dimethyl-benzene-m., 
54°C., boiling. 


meta-xylene or 
je; freezing-point 
point 139°C. at N.BP 


thirty years been used in most of the 
non-mercury liquid-expansion instru- 
ments in industrial use. The character- 
istics of the mercury instruments are 
so different from those of the xylene 
instruments that in undertaking to de- 
scribe and tabulate the characteristics 
of pressure-spring thermometers it was 
found necessary to split up the old 
“Class I” and to publish the new “ra- 
tional” division into four classes: 

1. Mercury 3. 
2. Xylene, ete. 


Vapor-Pressure 
4. Gas 

The fundamental operating principle 
employed in all four classes is the 
measurement of a pressure effect, by 
means of a pressure-responsive device. 
This device is unsuitable for ordinary 
volumetric measurements but its form 
is such that its internal volume in- 
creases as it uncoils. Therefore the 
entire system is not a constant-volume 
system. 

The principal characteristics of the 
four classes are set forth briefly in 
Table III. Numbered notes pertaining 
to this table are added for the sake of 
amplification and clarification. These 
data are believed to satisfy all quick- 
reference requirements. 

Outside of this table and the set of 
notes, however, a few general and spe- 
cific statements remain to be made. 

Pressure-spring thermometers pos- 
sess one obvious advantage over the 
“industrial” and bimetallic thermom- 
eters which are local instruments: 
However inaccessible the point of ap- 
plication of the bulb may be (within 
tube-length limits), the “instrument” 
proper may be installed at eye-level. 

Pressure-spring indicating instru- 
ments (dial thermometers) ordinarily 


are made up with one tube-system and 
one pointer; some may be made up 
with two pointers co-axial like the 
hands of a clock. Recorders are fre- 
quently made up with two tube-sys- 
tems, sometimes with three or four. 
Dual-system or duplex controllers are 
regularly made up. 

Centralization is made possible, for 
capillaries may be as long as 100 feet 
or more. Of course, the capillaries of 
pressure-spring thermometers must not 
be cut, whereas no permanent injury 
is done by breaking an electrical con- 
ductor. The entire tube-systems of 
pressure-spring recorders and control- 
lers of some makes are removable, 
thereby lessening the “convenience 
handicap” in comparisons with electri- 
cal instruments. 

The maximum length of the connect- 
ing tube is limited by the filling of 
the system and by the method of com- 
pensation for the tube errors, but there 
is no minimum length. Hence the popu- 
lar “stem” forms of pressure-spring 
thermometers and the “room temper- 
ature” or “self-contained” recorders. 

In addition to the information about 
scales in Table III, mention may be 
made of the possibility of special scales 
and retard movements. These are ex- 
tremely valuable in connection with 
processes where the One Best temper- 
ature has been determined and is not 
subject to change. (Example, the pas- 
teurization of milk.) 


2. IMPLICATIONS OF “PRESSURE-SPRING” 


In considering the characteristics of 
the four classes and their relative suit- 
ability for various applications, it fre- 
quently is useful to think of the in- 
strument proper as an ordinary 
Bourdon gage and to take into account 
its pressure range. Imagine a Bourdan 
gage graduated 0-30 psia. and cali- 
brated for sea-level atmospheric pres- 
sure. At sea level it will indicate the 
true absolute pressure of any sealed 
container to which it is connected; if 
used in an airplane, its readings would 
have to be corrected for barometric 
error. (In fact, a gage of such low 
range could be used as an altimeter.) 
But if a Bourdon gage graduated 0-750 
psia. is used on an airplane, the baro- 
metric difference between sea-level and 
customary ceiling will produce an error 
of less than 1% of its scale range. 

Another example: Imagine a mercury- 
filled system consisting of bulb, 30-in. 
tube and pressure-spring, the spring 
being borrowed from the 0-30-lb. gage 
referred to in the preceding paragraph. 
In round numbers, the mercury-column 
equivalent for pressure is two inches 
of mercury per pound, or 30 in, mer- 
cury for the 15-lb. sea-level atmos- 
phere. Therefore when the bulb of 
this system is at the same elevation 
as the spring, the gage reads 15; when 
the bulb is 30 in. lower than the spring 
the gage reads zero; when the bulb is 
30 in. higher than the spring the gage 
reads 30. Substitute the high-pressure 
spring (0-750 lbs. or 50 atmospheres). 
Now the 60-in. difference between “bulb 
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higher” and “bulb lower,” which cor- 
responds to two atmospheres, will cause 
the pointer to travel over only 4% of 
the scale range instead of 100%. 
Still another example: The same 
mercury system, but with a gage hav- 
ing a scale range of 100 to 130 psi. 
(or 200-230, or 1000-1030 ...). If the 
calibration pressure within the system 
such that the gage reads zero with 
» bulb at the same level as the spring, 
pointer will travel half-way across 
scale when the bulb is raised 30 in. 
internal 
ratio to 


is 
the 
the 
the 

Conclusion: the external and 
pressure errors are in inverse 
the “power” or stiffness of the springs. 
With sufficiently “powerful” springs, 
designed for sufficiently long pressure 
ranges, these errors may be made neg- 


ligible. 
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CHARACTERISTICS OF CLAS 


with the greatest of ease when com- 
parative figures (on the various co- 
efficients involved, ete.) are obtained. 
An example will be found several para- 
graphs below. Before coming to it, how- 
ever, it is useful to set forth certain 
inherent operating characteristics of 
the four classes. 


This is tantamount to saying that a 
pressure-spring thermometer is a heat 
ngine. An important characteristic of 
any system is the ability to do the 
WORK of driving a pointer or pen-arm 
over the requisite distance with suffi- 
cient force to minimize friction factors 
and other sources of error. With re- 
gard to pressure-spring thermometers 
the energy question is sometimes sum- 
marized by the assertion that the 
spring is “powerful enough” or “stiff 
enough.” A more exact summarization 
to state the rule that 
other things equal, the system pro- 
ducing the greatest pressure incre- 


9 
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OPERATING CHARACTERISTICS 
OF THE Four CLASSES 
I—ASSUMING A NEGLIGIBLY SHORT 
CAPILLARY 

Mercury. The utilized thermal prop- 
erty is expansivity. Mercury has the 
LOWEST expansion coefficient of the 
liquids commonly used in_ pressure- 
spring thermometers: approximately 
one-seventh that of xylene. Therefore, 
considering only this expansion coeffi- 
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ment per unit increment of te mper- 
ature is the most energetic, 
from which rule certain deductions and 
rough mental calculations can be made 
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cient, the bulb length of a mercury sys- 
tem should be seven times the bulb 
length of a xylene system (having the 
same bulb diameter, the same range 
and the same internal volume of pres- 
sure spring) in order to produce the 
same uncoiling of the same spring for 
the same temperature rise at the bulb. 
However, this small expansion coeffi- 
cient of mercury permits obtaining the 
same angular deflection from a much 
smaller spring. Moreover, the extreme- 
ly small compressibility of mercury, 
and the wealth of accumulated knowl- 
edge of steel metallurgy, make possible 
ain actual practice the manufacture and 
standardization of steel pressure 
springs of relatively small internal vol- 
ume for relatively long total lengths 
of flattened tubing. The specific gravity 
of mercury is about 15 times that of 
most thermometric hyarocarbons. The 
two kinds of altitude errors would 
therefore be serious (as was explained 
above) if it were not for the possibility 
of using springs of adequately long 
pressure ranges. The scales of mercury 
systems are uniform, but over a long 
range (say 200 C.” or more) mercury 
expansion departs slightly from the 
thermodynamic temperature scale law. 

These are the GENERAL characteris- 
tics of the mercury class. Some com- 
mercially-available systems differ. Two 
may be mentioned: 

(1) Instead of pure mercury, a mer- 
cury-thallium eutectic amalgam with 
low freezing point. 

(2) A steel bulb almost completely 
filled by an invar cylinder; the mer- 
cury occupying the annular space be- 
tween and used merely as a transmit- 
ting fluid, the steel bulb being the tem- 
perature-measuring element. 

(This sub-type, 
as mercury-filled, 


commercially 
the solid- 


known 
belongs to 


though 
really 
expansion class.) 

Xylene. In a xylene system the same 
principle of operation is used, but the 
properties of hydrocarbon liquids to- 
gether with practical requirements of 
design and construction compel the use 
of relatively weaker springs. Uniform 
scales are provided; for most liquids 
used, the deviation of the expansion 
from the th. rmodynamic scale law is 
negligible. 

Vapor-pressure. A vapor-pressure 
system makes use of the fact that the 
pressure in a containing only 
a liquid and its vapor increases with 
the temperature and is independent of 
the volume so long as liquid remains. 
In this class of thermometer, therefore, 
the “strength” of the pressure-spring 
must be suited te the liquid and to the 
temperature range. The scale is “pre- 
gressive”-—which is desirable where one 
zone is of particular interest and where 
such zone can be the upper portion of 
the scale. Study Fig. 11. Note that 
the 0-350 F. scale (at the right) can 
be made as long in inches as the 0-250 
scale, even if the same pressure-spring 
is to be used. This is done by adjust- 
ing the link ratios, etc. Note also that 
the spring (a stiff “thousand-pounder”) 
will then be worked far below its elastic 
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Fig. 11 
limit. On the other hand, when a low- 
pressure spring is used to suit the 
curve of a low-beiling-point (low- 
range) liquid, excessive pressure 
caused by exposure (of any part of the 
system) to excessive temperature would 
be injurious. This is true of all sys- 
tems but the danger is greater with 
vapor-pressure systems as the shape 
of the typical curves shows. To pre- 
vent over-ranging, one maker employs 
an auxiliary bellows, “normally re- 
tained at a constant volume, but which 


SHOWING POSITION OF VOLATILE 


is permitted to expand should the sys- 
tem pressure become excessive.” 

These are the GENERAL characteristics 
of the vapor-pressure class. The com- 
mercially-available instruments really 
fall into four distinct subclasses or 
types, as explained in Fig. 12, which 
therefore should be studied in connec- 
tion with the brief notes (10 to 15) 
in Table III. 

Note particularly “Type D” in Fig. 
12. It is the only simple and practical 
arrangement whereby the vapor-pres- 
sure principle can be utilized to meas- 
ure bulb temperatures lower, higher 
(or equal to) the temperatures to which 
the tube and spring are exposed. Note 
the use of a non-volatile liquid (ideally, 
a non-thermometric liquid) as a pres- 
sure-transmitting medium. 

Gas. The gas-filled systems utilize the 
simple relation which, for an ideal gas, 
is: 

Pressure Volume 

Abs. Temp. 

a constant 
and which is the basis of the constant- 
volume hydrogen thermometer formerly 
used for high-precision work. But the 
volume of a gas-filled system varies 
with the spring deflection. Moreover, 
hydrogen and helium (the “nearly per- 
fect” gases) transpire through the 
pores of most bulb metals, especially 
at temperatures above the vapor-pres- 
sure thermometer range limit, often 
compelling use of “heavy” gases which 
deviate appreciably from the gas laws 
(though less than do liquid-expansion 
coefficients from linearity). The total 
deviation, in practice, is small enough 
for the instrument scales to be uni- 
formly graduated. With regard to ener- 
gy—to the work of driving the pointer 
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The four subclasses or types of vapor-pre*sure systems. 
Type A is designed to operate with the measured temperature ABOVE 


the temperature of the 


Type B is designed to operate with the measured temperature BELOW the temperature of the 


rest of the system. 


Type C is designed to operate with the measured temperature above AND below the temperature 


of the rest of the system. 


Type D 
temperature of the rest of the system. 


is designed to operate with the measured temperature above, below and AT the 





or pen-arm—the gas laws provide two 
interdependent solutions of the problem, 
namely; make the bulb volume or the 
initial pressure, or both, as high as 
possible. The user can specify as large 
a bulb as the apparatus or pipe can 
take; the manufacturer provides the 
highest practicable initial pressure 
(pressure at the lower end of the scale 
range}. The gas laws set practical 
limits to these interdependent solutions 
of the problem. Thus, in a system of 
the customary dimensions listed in cata- 
logs, it obviously is impracticable to 
obtain adequate energy for complete 
travel across the scale from a 5-degree 
rise in temperature. That is one reason 
why gas-filled pressure-spring instru- 
ments are made up for relatively long 
temperature ranges: the longer the 
range, the stiffer the spring that can 
be used. 
Il——-LONG CAPILLARIES 

The foregoing discussion of charac- 
teristics has purposely considered the 
systems as consisting of bulb and 
spring connected by a capillary too 
short to be of consequence. 

The increasing size of processing 
units, as well as the tendency toward 
centralized control in all industries and 
in public buildings, have not only made 
the “tube error” a factor of import- 
ance but have led to the embodiment 
of various ingenious schemes of “par- 
tial compensation” and “full compen- 
sation.” The relative merits of various 
makes cannot be discussed here. Nor 


can even a small number of patented 
systems be shown in diagrams and their 


features discussed. 

One method of full compensation em- 
ploys a second pressure spring, the 
capillary tube of which runs the full 
length of the main capillary tube, 
stopping short at the bulb. The pro- 
portions, pressures, linkage design, etc., 
are such that a given change in temper- 
ature along the main capillary, pro- 
ducing a certain deflection of the meas- 
ing element, produces also an equal and 
opposite effect on the pointer or pen- 
arm. The second capillary need not 
itself be a second tube enclosed in the 
outer protecting armor or flexible tub- 
ing: it may be the annular space be- 
tween the transmission capillary tube 
and an outer tube. 

Another system utilizes a‘ capillary 
tube containing a wire. The tube is 
made of an alloy (a ferrous alloy for 
mercury) of relatively high expansion 
coefficient; the wire is made of one 
of the invar type alloys; the annular 
space between tube and wire is a capil- 
lary connection between bulb and pres- 
sure spring. This annular volume, 
therefore, has a differential coefficient 
of expansion which is designed to equal 
the expansion coefficient of the mer- 
cury, organic liquid or gas, allowance 
being made for pressure effects. 

In the vapor-pressure systems, the 
tube errors are radically different— 
ambient temperature fluctuations caus- 
ing temporary errors, as explained in 
the notes accompanying Table III. The 
principal source of error is generally 
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caused by the absence of a liquid sur- 
face in the bulb, and this may occur 
not only by reason of long capillaries 
but even from failure to follow di- 
rections pertaining to position of bulb. 
The customary arrangement is simply 
to have the capillary extend into the 
liquid. Another (Type D in Fig. 12) 
uses a transmission liquid sealed off 
from the thermometric liquid selected 
for its vapor pressure curve. The seal- 
ing is effected by a flexible member, 
a bellows form being shown in the 
drawing. This permits the use of long 
capillaries because temperature fluctu- 
ations along the capillary or at the 
head of the system do not appreciably 
alter the characteristics. (The vapor- 
pressure principle, of course, is that 
the pressure of a vapor in contact 
with its liquid is independent of the 
volume.) The only possible source of 
error introduced by a sealing member 
arises from the fact that such a sealing 
member cannot be ideally slack. (We 
are not considering accidents such as 
leaks.) 

Long capillaries may give rise to 
errors, at low regions of ranges, when 
the bulb and spring are at variably 
different elevations: the pressure at the 
spring is the algebraic sum of vapor- 
pressure in bulb plus or minus hydro- 
static effect of liquid. Study Fig. 11. 


4. MAXIMUM POSSIBLE PRESSURE INCRE- 
MENT PER UNIT INCREMENT OF TEM- 
PERATURE AT BULB 

This characteristic can be roughly 
calculated from the expansion coeffi- 
cients of the liquid and of the bulb 
material, and the compressibility of 
the liquid, without need of putting into 
the equations the actual volumes in- 
volved, since these cancel out. The as- 
sumption is made that the bulb is 
subjected to a one-degree (C, or F. 
depending on the system of units) rise 
in temperature, and that the volume 
of liquid thereby displaced into the 
capillary is driven back into the bulb 
by the application of an external force 
to the pressure spring which causes it 
to recoil exactly as much as it had 
uncoiled. This gives the unit pressure 
increment and hence the energy factor 
for full deflection corresponding to total 
scale travel. This treatment is by no 
means rigorous, but the percent error 
in the final results remains practically 
constant in a series of computations, 
so that for comparative purposes this 
rough method will serve. For example, 
starting from the following data 

Ratio of 
liquid 3.7 to 145 


expansion coe 


compressibility of mercury to 
organic 
Ratio of f. of 
organic liquid 18 to 163 
Bulb material for each 


units, 35.4 


mereury t 


steel exp. coef. 


In same 
we obtain 600 psi. for mercury and 150 
psi. for the organic liquid considered 
in this example. 

Using the Available Power. Having 
more power than other deflecting-mem- 
ber thermometers (except solid-expan- 
sion), pressure spring systems actuate 
with ease and without large error di- 
rect-writing recorders and practically 
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all pneumatic and hydraulic controllers. 
(Electrical controllers usually impose 
no load at all on their measuring sys- 
tems.) 

Pressure-spring systems have ample 
power to actuate pneumatic transmit- 
ters and are being used more and more 
for that purpose even where the dis- 
tances are not beyond the recommended 
limits for capillaries. 

One type of pneumatic transmitter 
deserves mention because it minimizes 
the response times of relatively slow 
pressure-spring systems by use of a 
rate-of-change-responsive arrange- 
ment of bellows and restriction. This 
device is a combination of a force-bal- 
ance 3-to-15-psi. transmitter and a de- 
rivative-action unit as used in many 
automatic controllers. 

5. THERMOMETRIC LAG: COMPARATIVE 
“SPEEDS” OF THE Four CLASSES 

A compromise must be made in prac- 
tice between the requirement of a long 
pressure range for a conveniently short 
temperature range, and the wall 
thickness of the bulb. The greater the 
bulb-wall thickness, the greater the lag. 
Lag is objectionable when the bulb is 
the primary element of an automatic 
control system. 

Since Vapor-pressure systems must 
be designed with spring characteristics 
suited to the relation of temperature 
tv vapor pressure of the filling, these 
systems are simply not used on appli- 
cations requiring springs as stiff as 
those possible with mercury systems. 
In such applications, therefore, thin- 
walled bulbs may be used. Thus the 
general statement can be made that the 
vapor-pressure class systems respond 
more quickly than do the others, It 
must be emphasized that the reason 
does not lie in the inherent superiority 
of the vapor-pressure curve as a ther- 
mometric property of a substance. 

The gas-filled systems, as actually 
manufactured, and considering the 
various design factors, are the slow- 
est. 

The mercury systems, as manufac- 
tured, are faster than the xylene sys- 
tems as manufactured. 

This simply means that, OTHER 
THINGS BEING EQUAL, the order of 
speeds of response is: (1) vapor-pres- 
sure, (2) mercury, (3) xylene, (4) gas. 

But other things seldom are equal in 
practical industrial applications. A gas 
bulb immersed in circulating water will 
be about a hundred times faster than a 
mercury bulb in stagnant air. For 
measuring air temperatures, bulb 
shapes and sizes—rather than bulb fill- 
ings—are the deciding factors; and the 
cheice will usually fall on a coiled-cap- 
illary bulb designed for the intended 
application, regardless of its filling. 


The “Dip” Effect. When subjected 
to a sudden temperature change, most 
liquid-expansion thermometers momen- 
tarily indicate an opposite change— 
popular expression, “the mercury first 
goes down instead of up’”—because the 
bulb proper (the metal or glass cham- 
ber) has responded almost completely 
before the contained liquid has hardly 





begun to respond. The maximum 
wrong-direction excursion usually 
amounts to about 10 percent of the 
sudden change and usually occurs less 
than a second after the sudden change; 
then the instrument’s pointer or pen 
starts traveling in the right direction, 
crosses “zero,” and continues rapidly 
in the right direction. The seriousness* 
of this “dip” is proportional to the 
thermal expansion coefficient of the 
bulb material: with fused quartz or 
Invar it would be negligible. This dip 
does not matter in the use of indicators 
or of slow-chart recorders, but it may 
cause a fast-response control system 
to do the wrong thing momentarily— 


the bad effect being more than momen- 
tary in some continuous processes 
where permanent damage is done to 
the quantity of product that flows dur- 
ing four or five seconds. (And in the 
case of milk and other food products 
the bad taste or the undestroyed bac- 
teria may affect a much yreater quan- 
tity of product.) 

When subjected to a rapid (but not 
sudden) temperature change, an _ in- 
strument subject to dip will have a 
longer response time than if the bulb 
were made of zero-expansion material. 
The more rapid the change, the worse 
the relative slowing down of the ther- 
mal system. 


PART 5 
RESISTANCE THERMOMETERS 


1. CHARACTERISTICS 


Electrical thermometers possess one 
important advantage: the primary ele- 
ment may be disconnected from the 
indicator, recorder or controller. There- 
fore a number of resistors (“bulbs”) 
placed in widely separated locations 
may be successively connected to one 
electrical instrument. This centraliza- 
tion is of importance where compari- 
sons of temperatures are desirable at 
a moment’s notice. 

It is also possible to obtain instru- 
ments so calibrated that direct readings 
ean be taken showing either (a) the 
average temperature of two or more 
points, or (b) the difference in tem- 
perature between two points. 

The lowest temperature accurately 
measurable with industrial forms of 
resistance thermometers is about ten 
degrees Kelviny (—263 C. or —442 F.); 
the highest about 1000 C. (1800 F.). 

Although pure platinum continues to 
be the standard for precision work, 
resistance elements with pure nickel or 
pure copper coils are much more widely 
used in industry today. Tungsten ele- 
ments are now (1954) beginning to be 
used successfully. Semiconductors with 
enormous negative coefficients have ap- 
peared on the market (see Section 5). 
There has even appeared a liquid re- 
sistor—an electrolyte in thin tubing. 

The intrinsic accuracy of the metal 
resistance thermometer is so high that 
under laboratory conditions the plati- 
num resistance thermometer is used 
as the International Standard between 
-190 C. and 660 C., but a resistance 
thermometer is more “complicated” 
than a mercurial or pressure-spring 
thermometer and therefore industrial 
service may cause large errors through 
poor contacts, rough handling, deteri- 
oration or contamination of the plati- 
num or other metal, defective insu- 
lation and other causes difficult to pre- 
vent altogether in plant service. In 
good hands and when the precautions 
recommended by the manufacturers are 

*Roughly, ‘‘seriousness'’ means maximum ex- 
cursion multiplied by duration; exactly, it is the 
integral—the area between the curve and the 
initial-temperature line. 

+This is with a special platinum assembly, 


helium-filled because the nitrogen and oxygen 
of an ordinary air filling would liquefy. 


‘ 


taken, the accuracy will be better than 
that of any other group of industrial 
temperature instruments. 

Where accurate measurement of true 
temperature is necessary, as in calo- 
rimetry, determination of optimum 
process temperatures, etc., many engi- 
neers resort to the etched-stem labo- 
ratory thermometer immersed in a 
mercury well, sometimes forgetting 
that the mercury-in-glass method of 
thermometry is subject to numerous 
errors and requires corrections when 
extreme precision is required, whereas 
resistance thermometry would seem to 
be preferable, as will be seen by the 
following comparison: 

1. Stem Exposure-——-The reading of a resist- 
ance thermometer with compensated leads de- 
pends only on the temperature of the coil an 
not on the temperature of the stem, provided 
that the immersion is sufficient to avoid errors 
due to conduction or convection along the stem, 

2. Aging effects of mercurial thermometers 
arise chiefly from the small expansibility of 
mercury combined with the relative instability 
of the glass tube. In resistance thermometry, the 
effect of any possible strain of the wire of the 
coil is minimized, Zero creep of a resistance ther 


mometer will be practically negligible, provided 
that the wire is not strained or contaminated 


8. Pressure Correction—The effect of change 
of pressure on a resistance element is negligible 

4. Finally, the speed of response of small-gage 
bare-wire resistance elements is much higher 
than that of other thermometer bulbs: character 
istic times of the order of milliseconds are not 
extraordinary 

(On the other hand, bare wires must be used 
and even stored——with extreme care.) 


2. PRIMARY ELEMENTS AND “BULBS” 


The operation of a resistance ther- 
mometer depends upon the variation 
with temperature of the resistance of 
an electrical conductor. The primary 
element, responding to temperature, is 
generally a resistance coil or spiral. 
This coil, together with its frame, tube 
and other necessary accessories, is it- 
self called “the thermometer” in some 
publications, but the entire primary- 
element assembly may simply be called 
the “bulb.” 

For industrial service, the resistance 
coils are made of platinum, nickel, cop- 
per, or tungsten. In one form of 8-ohm 
platinum coil, fine wire is wound upon 
a frame made of crossed strips of thin 
mica notched at the edges to hold the 
wire in place. From the ends of this 
coil, lead wires of platinum or gold are 
carried to the terminal head where the 


binding posts are fixed. The lead wires 
are insulated and held apart by mica 
disks through which the wires are 
threaded, and which serve to minimize 
convection. The coil is protected by a 
porcelain or quartz tube which fits 
into the terminal. In another form, a 
50-ohm coil of fine platinum wire is 
wound upon a fused quartz rod and 
fused inside a quartz tube, so that the 
platinum is entirely embedded in 
quartz. Gold leads are carried from 
the coil to the terminal head. 

Nickel, copper and tungsten coils 
likewise must be protected from atmos- 
pherie or other contamination, from me- 
chanical abrasion, and from severe vi- 
bration which may cause cold-working. 
The bulb assemblies for these three 
metals are almost always designed for 
industrial service rather than for high- 
est-precision scientific work. What lead- 
ing manufacturers strive for is perma- 
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nence of calibration. Many inner 
assemblies are evacuated, filled with 
an inert gas such as helium, hermeti- 
cally sealed, and encased in a rugged 
outer tube. Such bulbs are relatively 
slow (even when called “High-speed” 
in the sales literature): their response 
times are about the same as those of 
other primary-element assemblies 
whose outer tubes have the same out- 
side diameters. The truly high-speed 
bulb assemblies are: (1) those with 
the smallest outside diameters, the 
thinnest outer shells, the fewest con- 
centric envelopes and the least “‘dead- 
air” (gas) space; (2) the assemblies 
having the usual cylindrical terminal 
heads but with flat sensitive portions 
having large surface-to-volume ratios; 
(3) the new postage-stamp-size assem- 
blies of resistance grids bonded in plas- 
tic, designed for studying surface tem- 
perature variations. But it cannot be 
repeated too often that speed of re- 
sponse depends mainly on the nature 
and circulation of the medium. 

A great variety of primary elements 
for industrial applications is offered. 
Suitable bulbs are available for indoor 
or outdoor atmospheric temperature, 
refrigeration work, steam work, elec- 
tric transformers, ovens, dryers, bear- 
ings, oil baths and other metallurgical 
applications, etc. Copper-nickel tubes, 
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TABLE IV. QUICK-REFERENCE 


Melting 
pot 


Material 
Platinum 
Tungsten 
Nicke] 
Copper 


Semiconductors 


(various) 


DATA ON RESISTANCE 


—100 


ELEMENTS 


Usual range limits of 
commercial instruments 
Low High 
F. C. F. 
142 545 1013 
announced 300* 
310 310 
40 125 
148 400 


*For first commercially-produced bulbs; will be raised considerably before the next 


of this Handbook is issued 

round or flattened, are available for 
feed-water heaters or lines. Separable 
sockets or wells, in which a number 
of bulbs are interchangeable and which 
themselves have standard thread or 
flange connections, are used against 
corrosive conditions, against pressure 
up to 1500 psi. and higher. For surface 
temperatures ‘‘postage-stamp’”’ ele- 
ments with extremely fine wires com- 
bine convenience and relatively low 
cost with fast response. The new ther- 
mistors are already available in dozens 
of shapes, dozens of sizes and dozens 
of resistance values. 

The commercially-available range of 
resistance values is likewise wide, sat- 
isfying the requirements of various 
electrical and electronic measuring in- 
struments. In addition, some manufac- 
turers of complete systems have adopt- 
ed one cold-resistance value for their 
various styles of bulbs in order to make 
these bulbs conveniently interchange- 
able. 

3. LEAD SYSTEMS 

The following is a brief and excel- 
lent exposition from Bureau of Stand- 
ards Technologic Paper No. 170: 

If only two lead wires are carried 
from the thermometer coil to the indi- 
cator, the resistance measured is the 
sum of the resistance of the coil, the 
platinum or gold lead wires to the head 
of the thermometer,* and the copper 
lead wires from this point to the indi- 
eator. The resistance of the platinum 
or gold lead wires will depend upon the 
form of temperature gradient along the 
thermometer from the bulb to the head 
and upon the depth of immersion. 
Hence this variable resistance is intro- 
duced into the temperature measure- 
ment, and changes in the resistance of 
the lead wires will be interpreted as 
changes in the temperature of the ther- 
mometer coil. There are three general 
methods for minimizing or eliminating 
the effect of variation in lead resist- 
ance. 

1. Use of a Coil of High Resistance 
The resistance of the lead wires from 
the coil to the thermometer head and 
the variation in resistance of the copper 
lead wires are small compared to a 50- 
ohm platinum coil. Hence such vari- 
ations in resistance as are likely to 
occur do not introduce serious error. 
Thus, only two lead wires are neces- 
sary, from the thermometer to the indi- 
cating instrument. 


*In Bureau terminology 


thermometer” refers 
to the element commonly called “64 


“bulb. 


2. Compensating Lead Wires of the 


Callendar or Siemens Form—Both of 
these methods of compensation are ap- 
plicable to measurements ‘made with 
the Wheatstone bridge. The Callendar 
form of compensation requires four lead 
wires. Two of the lead wires joined to 
the end of the coil are connected in one 
arm of the bridge, and the other two 
lead wires, which are “dummy” leads 
formed of a single loop of wire extend- 
ing to the top of the coil, are connected 
in the corresponding arm of the bridge. 
The two sets of lead wires are alike, 
so that variations in temperature affect 
each set similarly. The Siemens method 
of compensation requires three leads 
and is more often employed industrial- 
ly. 

3. Potential Terminals—The use of 
potential terminals is necessary when 
the resistance of the thermometer is 
extremely low or when the precision 
required is such as to make variations 
in difference of lead resistances in- 
admissible. 


4. MEASURING SYSTEMS 


The measurement of the temperature 
to which a resistance thermometer bulb 
is exposed is simply a matter of meas- 
uring its resistance. Practically, owing 
to the need of lead compensation, etc., 
the methods are limited to a few. 


The simplest possible method, involv- 
ing no lead compensation, is the famil- 
iar Wheatstone bridge, with the bulb 
resistor connected to the instrument 
by two conductors, the resistance of 
which is added to that of the measuring 
resistor. For descriptions of other cir- 
cuits, the National Bureau of Stand- 
ards is again quoted: 


1. Three-Lead 
Method 


Wheatstone Bridge 
Fig. 14 illustrates the wiring 
diagram for a simple Wheatstone 
bridge and thermometer with the 
Siemens three-lead compensation. The 
platinum or gold lead wires C’d and 
T’e in the thermometer are constructed 
of as nearly the same resistance as 
possible and the copper lead wires CC’ 
and 77” must also be of equal resist- 
ance. Battery PB is connected between 
ratio arms r, and r., and to compensa- 
tion lead wire ed. A sensitive galvan- 
ometer G is connected to points f and 
g, as illustrated. By changing r, the 
bridge is balanced until the galvanom- 
eter shows zero deflection. Whence 
from the principle of the balanced 














Wheatstone bridge we obtain the fol- 
lowing relation: 
r, + C'd 


Ys Te 


r; r 
If +, is constructed equal to r, then 
since Cd=Te, r,=r,. Hence the meas- 
ured resistance is independent of the 
resistance of the lead wires. 

2. Four-Lead Potentiometric Method. 
-—Fig. 15 illustrates the wiring dia- 
gram for a four-lead thermometer used 
with a potentiometer. The current, 
adjusted to a suitable value by rheo- 
stat r,, flows through resistance stand- 
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ard R and thermometer coil r,. The 
potential drops across R and r, are 
measured by the potentiometer. Whence 
from Ohm’s law, e/R=e'/r, where e 
and e’ are the potential drops across 
R and r, respectively. Thus, knowing 
e, e, and R, the coil resistance r, is 
readily obtained. The resistance R may 
be made adjustable, so that by varying 
R until e=e’ the dial setting gives 
directly the value of r,—R. This meth- 
od is useful in precise laboratory work. 


3. Deflection-Galvanometer Method— 
(See Fig. 16.) With switch S thrown 
to the right we have the simple Wheat- 
stone bridge, except that resistances r,, 
r, and rz are fixed. At a certain temper- 
ature of the thermometer—for example, 
10 C.—its resistance is such that the 
bridge is balanced and 1r,/r,;=r,/1ro. 
If the temperature of the thermometer 
increases, its resistance increases and 
the bridge is no longer balanced. Thus 
a current flows through the galvanom- 
eter, producing a deflection. In general, 
the deflection of the galvanometer de- 
pends upon two factors—the temper- 
ature of the thermometer and _ the 
current flowing from the battery B. 











This current is adjusted to a definite 
value in the following manner: Switch 
S is thrown to the left, thus replacing 
the thermometer by a fixed resistance 
of such value that a suitable value of 
the current from B deflects the galva- 
nometer to its full scale deflection or 
to a normal point marked on the scale. 
Resistance R is adjusted until the gal- 
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Fig. 16 
vanometer deflects the proper amount. 
Switch S is then thrown to the right, 
and, since the factor of variable bat- 
tery emf. or current is eliminated by 
this preliminary setting, the galva- 
nometer scale may be empirically grad- 
uated to read directly the temperature 
of the thermometer. No further ad- 
justments are necessary as long as this 
current remains at the proper value. 

It is possible to have two or more 
temperature scales on the galvanom- 
eter. When two scales are provided 

as, for example, 0 to 300 C. and 300 
to 700 C.—one of the arms of the 
bridge is made adjustable to either of 
two resistances, one giving zero deflec- 
tion for a thermometer temperature of 
0 C. and the other zero deflection for 
a temperature of 300 C. 

For accurate results the four-lead 
system possesses the greatest adapt- 
ability, in addition to its obvious 
advantages as a measuring system. 
Nevertheless, the actual design and 
construction, and resultant character- 
istics, of commercially available instru- 
ments and accessories are factors of 
importance. There are recognized 
grades of resistors, as well as various 
ohmic values. Some standard resistors 
are made up in individual coils, each 
in a thermostated oil bath: they are 


replicas of the international stand- 
ards. There are laboratory bridges, 


and there are inexpensive portable sets. 

Types of Instruments. Industrial re- 
sistance thermometers may be classified 
by their forms, etc., but electrically 
they are all bridges; thus there are 
three types of equipment: 

(1) “Unbalanced” Bridges: Deflection 
Methods. — Although the unbalanced 
bridge is usually condemned in electri- 
cal laboratory practice, it must be 
remembered that industrial tempera- 
ture ranges are relatively short—which 
means an exceptionally short resist- 
ance-measuring and _nullifies 


range 





most objections. Many instruments of 
this type are on the market. Those de- 
signed for industrial temperature meas- 
urements—and sold with a choice of 
primary elements and other accessories 
—represent specialized research and 
development; hence should be con- 
sidered trustworthy. 

(2) Null Method, Manually Bal- 
anced.—Most of these are the conven- 
tional table models, which are further 
subdivided into plug-out, decade dial 
switching, slide-wire, and combination. 
There have appeared also (a) portable 
outfits for industrial—rather than com- 
mercial — services; (b) switchboard 
models requiring no batteries and ap- 
proximating the self-balancing instru- 
ments in other ways. 

(3) Null Method, Automatically Bal- 
anced.—These are slide-wire bridges, 
designed for permanent installation, in 
which the galvanometer commands a 
servomotor-driven mechanism which re- 
stores balance and at the same time 
repositions the indicating or recording 
element. The parallel development of 
self-balancing bridges and potentiom- 
eters for industrial service has made 
available dual-function electromechan- 
ical assemblies which, considered as re- 
cording instruments, are practically 
identical whether for service as bridges 
or as potentiometers. 

5. SEMICONDUCTOR RESISTANCE 

THERMOMETERS: “THERMISTORS” 

Thermistor primary elements are 
dealt with separately because they dif- 
fer from metallic resistance thermomet- 
ric elements not only in their composi- 
tion but in their measuring properties. 
Their six important properties pertain- 
ing to temperature measurement and 
control are the following: 

1. Unlike metals, which are conduc- 
tors, thermistors are semiconductors, 
the resistivity of the various commer- 
cial materials being 100 to 500 times 
greater than the resistivity of plati- 
num. (The name thermistor means 
thermally-sensitive resistor.) Thermo- 
metric units are commercially availa- 
ble in resistance values from 10 ohms 
for a rather thick 1l-inch disk to 50 
megohms for various units—a typical 
one being a tiny bead sealed in glass 
with protruding leads—or even higher 
if desired. (These resistance values are 
at room temperature: 25 C. or 77 F.) 
The most obvious implication for meas- 
urement work is that the problems of 
lead resistance can be minimized by 
using high-resistance thermometric 
units 

2. The temperature coefficient of re- 
sistivity of metallic-oxide semiconduc- 
tors is negative: the resistance of a 
thermistor decreases the tempera- 
ture increases, whereas the resistance 
of a metallic coil increases with tem- 
perature. This property is of great use- 
fulness as a means of automatic tem- 
perature compensation in electrical 


as 


measuring instruments. 
3. This coefficient is much greater 
than for metals. Whereas the resist- 


ance of a metal coil usually changes 


















by about one-third of 1% per C. deg. 
of temperature change, the resistance 
of a thermistor may change by 6% or 
even by 8% per C. deg. of temperature 
change. This measuring property—high 
thermometric sensitivity—makes it pos- 
sible to build long-scale short-range 
measuring instruments, which in turn 
suggests the possibility of tremendous 
advantages in automatic control of tem- 
perature. (But primary-element static 
sensitivity, though necessary for close 
control, is not sufficient.) 


4. Whereas the temperature-resist- 
ance relations of metallic resistance 
coils are fairly linear (giving measur- 
ing-instrument scales that seem, at first 
glance, to be uniformly graduated), the 
temperature-resistance relations of 
thermistors are decidely curved. This 
large variation of the temperature co- 
efficient of resistivity complicates prob- 
lems of automatic temperature conpen- 
sation in electrical measuring instru 
ments. 


5. The heating of metallic resistance 
thermometer coils by the small currents 
flowing through them (for brief peri- 
ods when at all) seldom presents seri- 
ous problems. With thermistors, 
self-heating is a well-recognized char- 
acteristic—-desirable in various types 
of circuit elements but highly unde- 
sirable in temperature measurement 
work. The safest rule for minimizing 
the /°R error is not only to use a null 
method but to use an automatic self- 
balancing bridge with an operating 
cycle of a fraction of a second. 


6. There is no getting around Na 
ture’s rules that good electrical con- 
ductors are good thermal conductors 
and that electrical insulators are ther- 
insulators. The ‘‘thermometric 
speed” (thermal diffusivity) of semi 
conductors lies between that of ther- 
mal insulators such as mica or asbestos 
and thermal conductors such as metals. 
Its values vary with the materials and 
with methods of manufacture. For tem 
perature recorders and controllers, the 
advantages of high static sensitivity 
of primary elements are lost if not ac- 
companied by rapid response of these 
same primary elements. Therefore the 
sizes—or at least the thicknesses——of 
thermistors must be small; and the 
shapes must approach the ribbon or 
flake rather than the sphere. What is 
much worse is the effect of the combi- 
nation of low thermal diffusivity with 
the peculiar self-heating characteris- 
tics of thermistors. In the first place, 
self-heating takes place throughout the 
body whereas cooling is from the sur- 
face, so that, because of low diffusivity 
it takes many times longer for a ther- 
mistor to come to temperature with its 
surroundings, after a momentary surge 
of current, than it does for a metallic 
body of the same size and shape. In 
the second place, thermistors have pe- 
culiar power dissipation curves which 
render extremely difficult the problems 
of minimizing the resultant errors in 
temperature measurement practice, and 
which may play havoc in an automatic 
temperature control installation. 


mal 
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Newly designed, Model “1000” Auto-Lite 
Recorder gives permanent proof of temper- 
ature behavior. 


e 6” clear reading chart; various standard 
ranges from minus 40°F. to plus 550°F. 


e 3 standard types; choice of 24-hr. or 7-day 
cycle. 


e Electric or mechanical chart drive. 


e With capillary tubing for remote reading. 
Priced from $49.50 
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Model “1000” 
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Auto-Lite offers many thermometer styles, permitting plant- 
wide temperature observation at low cost. Standard temper- 
ature ranges from minus 60°F. to plus 750°F. Send for latest 
catalog showing various types of Auto-Lite Indicators and 
Recorders. 

Model F-1 temperature indicator — Rigid stem or capillary 
tubing for EYE-LEVEL remote reading. Priced from $22. 


THE ELECTRIC AUTO-LITE COMPANY 
INSTRUMENT AND GAUGE DIVISION 
TOLEDO 1, OHIO 
NEW YORK + CHICAGO + SARNIA, ONTARIO 








THERMOSWITCH”® 


Precision, Multi-Purpose 
Thermostat Controls 


SENSITIVE... but only to heat 
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In a THERMOSWITCH thermostat the today offers you so many assurances of positive, 
activating element is the single- metal temper- accurate temperature control, long service life 
ature-sensitive shell which, in direct contact and operating economy. re 
with the ambient temperature to be controlled, SEND FOR FREE BOOK- | ¥ 
expands without lag, causing the contacts inside LET containing further details ey 
to open. Completely enclosed against dust. on unique THERMOSWITCH 
Shock and vibration proof, the THERMO- thermostat. Write Fenwal, In- 

SWITCH control also provides high load-carry- corporated, 170 Pleasant St., 
ing capacity, wide adjustment range and ease of Ashland, Mass., 111 South Bur- 
installation. No other thermostat on the market lington Ave., Los Angeles 4, Cal. 


j 


Which of these THERMOSWITCH types 
fits your requirements? 


CARTRIDGE TYPE 
This compact, small-sized, self-contained unit is the basis for most 
THERMOSWITCH models. For temperatures ranging from —100F to 
+400F (or +100F to +600F). Higher ranges also furnished. 





HEX HEAD 


Furnished with “2’’ (or %’’) standard pipe thread for mounting in 
topped hole or suitable boss. 


FLANGE HEAD 


Has flange 1%” in diameter with three tapped holes for mounting on 
any flat surface. 





JUNCTION BOX — IMMERSION 
Has conduit junction box attached. Threaded hexagon section permits 
immersion of brass shell in fluid through tapped hole or boss. Cover 
houses terminal block, dial and knob. Special units available with 
Underwriters’ Listing. 


ALL-PURPOSE 
Comes with extended nickel-plated shell, dial, knob and midget plug 
connector for experimental or general laboratory work. 





JUNCTION BOX — AIR 


Has an electric conduit junction box attached to the extended shell of a 
basic cartridge unit. For air ducts, ovens, driers, etc. 


COUPLING HEAD 
Has 4” or %"’ standard male pipe threads at each end of its hexagon 
mounting section. Simplifies attaching to conduits and explosion-proof 
fittings. 





DETECT-A-FIRE 


Unique new Rate-Compensation principle of fire detection does away 
with time lag, false alarms. Unit responds only when temperature of 
surrounding air reaches predetermined danger level. (1) Horizontal 
model Series 70 for commercial, industrial and public buildings, insti- 
tutions and ships in locations electrically classified as “ordinary.” (2) 
Explosion-proof vertical model Series 71 listed and approved for 
locations electrically classified as “hazardous” .. . i.e., Class |, Groups 
C and D; Class Il, Groups E, F, and G...as well as “ordinary” 
locations. Both models listed by @) . Approved by <> ° 








FENWAL INCORPORATED Ashland, Massachusetts 


For more information circle 31 on inquiry card. 
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RMOMETERS, Mercury Actuated, made in 








MOELLER INDUSTRIAL THERMOMETERS made in all forms, 
Straight, Angle, Right Side Angle, Left Side Angle, Reclined 
and Inclined Angles, in scale ranges from minus 120 to plus 
1125°F. or its equivalent in centigrade. Available in 5”, 7”, 
9” and 12” scale sizes with plain stems, union connection 
stems and separable sockets in all stem lengths and alloys. 


the round or rectangular cases. Charts 10” or 12”, 1 hour, 
12 hour, 24 hour or 7 day. Ranges from minus 40 to plus 
1000°F. or its equivalent in centigrade. Made in remote 
reading, direct reading, portable and self contained styles. 
Plain stems, union connection stems and separable sockets 
in all stem iengths and alloys. 
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MOELLER BI-METAL THERMOMETERS are actuated by a pow 


erful, specially processed bi-metal helix. Made in 5” and 3” di 


ameter case size. Rigid stainless steel stem, can be furnished with 





DIAL INDICATING THERMOMETERS, Mercury Actuated, 
made in 41%", 6” and 842” sizes with flexible extension tubing. 
Adjustable rigid stems, single or two pointers, plain bulb, 
union connection bulb or separable sockets in all lengths 
and alloys. Scale ranges from minus 40 to plus 1000°F. or 
its equivalent in centigrade. 


union connection stem and separable socket in all alloys. Scale 
ranges from minus 100 to 1000°F or equivalent in centigrade 
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THERMOMETER TEST WELLS, THERMOCOUPLE PROTECT 
ING TUBES and WELLS, made up in all sizes and alloys. 


ae 


RECORDING PSYCHROMETERS, Mercury Actuated. Round 


and Rectangular Case, 12 hour, 24 hour or 7 day charts, 











self contained or remote reading, with or without motor 
driven fan. 








ENGRAVED STEM and PORCELAIN and PAPER SCALE 





THERMOMETERS made in ranges from minus 150 to plus 
1125°F. or its equivalent in centigrade. Available in stand- 
ard and extreme precision grade. Made to meet specifications 
of the Government, A.S.T.M. and other authoritative bodies. 


HYDROMETERS PLAIN FORM or COMBINED with THER- 
MOMETER. Made in all scales specific Gravity or Baume 
for heavy and light liquids. Brix, Twaddle, Ballings Scales, 
etc. available for all liquids. Standard and commercial grades. 








For more information circle 32 on inquiry card. 





PALMER a great ees in thermometers 

















































PALMER "DIRECT DRIVE" 31/2" INDUSTRIAL THERMOMETERS with 
DIAL THERMOMETER “Red-Reading-Mercury”™ 
An outstanding improvement in mercury actu- CASE: 7", 9" or 12" Extruded brass. Wide scale. Chrome finish. 
ated dial thermometers with external calibration TUBE: Red-Reading-Mercury Easy to Read. Thoroughly annealed for 
feature. permanent accuracy. Protected by double- 
© - se bed Ape ire strength glass shield. Graduated scale. 
a Mee Uda : fem FITTINGS: Fixed thrd., Union, Sep. Socket; 
Case .. . stainless steel, compensated for am- adjustable or union Flange; parallel thrd. 
bient temperature, external calibrating feature. & locknut; special fttgs. to order. 
over . . . clear plastic, gasket-sealed to STEM: STRAIGHT and Misc. ANGLES. 
stainless steel back-plate. Actuation ... direct 3'/2"" to 60", incl. thread. 
drive Bourdon coil. (No sector, pinion or link- age A - 
age.) Stem .. . '/2'' diameter stainless steel, THREAD: ¥%" or 1" NPT ('/2" not recom.) 
standard lengths: Cf AZ, multiples STANDARD RANGES: 
of 6" up to 60" max. ... Fittings . . . separable - = ss Z 
socket, union connection (!/2"" or 3%" NPT), = 40+ 110 F 2. + 50-+400' F 5. 
u flange union. 0+ 100°F | + 100-4 550°F 5 
+ 30+180°F 2° = 4+ 200-4 750°F 5° 





+ 304+240°F 2° +200+4+950°F 5° 


PALMER 4/2" DIAL THERMOMETER 
+ 304+300°F 2° 








Adaptable and interchangeable with all Indus- Plain Mercury. Borosilicate tube. Centri- 







4 trial Thermometer applications. Straight grade equiv.—no extra. Spec. Ranges——cost 
a MERCURY-ACTUATED, Guaranteed accuracy. Oe nia 
Size: 4!/2"" Dial. oe w = 











cd . ’ 
r Sy - Designed for use as ~ 
\ a ‘i STRAIGHT or any ANGLE. 
% \ With clear vision all-glass 
. 1 * moulded case and metal < 
/( back. Fittings: Plain, Union, u W eld 
Ps * _ Socket; adjustable or union H vennicas srae” eure pnee 
, Flanges. son 
STANDARD RANGES: Right Side Left Side 
— 30+130°F tes 0+ 300°F Yb 0+ 600°F 5° 
0+ 150°F c 0-+400°F +200 + 750°F 5° SCHOHSSHSSSHSHSSHSHSSHSHSSSHSSSSHSSSHSSSSESSEECE 
scaler: coca: eauaiallll SMALL CASE THERMOMETERS 
or equivalent —no extra charge 4" case ¥" & '/2" Fixed Thrd. Fttg. 
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RECORDING and DIAL 
THERMOMETERS 
With Flexible Tubing Connection. 


Mercury-actuated, for extreme accuracy. 
Sturdy construction, very sensitive. All parts 
rust-proof. Stainless-steel bulb. Wall or Flush 
Mounting. Bottom or Back connection. Fit- 
tings: Plain, Union, Sep. socket; Adj. or 
Union Flanges. 

Ranges:—40 to 1000°F. (or C). 


RECORDER: 1|2" die-cast alum. case; Black 
or white, satin or wrinkle finish; elec. or 
spring clock; 12 hr., 24 hr., or 7-day charts. 
One-pen or multiple pens. Also fully com- 
pensated to correct for Ambient Tempera- 
ture. 


DIAL: 6" and 8" round cese. Black or white 
finish. Easy-reading dial. 


PALMER 


6" case: '/,"" & ¥%" Sep. Socket Fttg. 

Extruded case. Durabie Nickel finish. 

""Red-Reading-Mercury". Guaranteed accurate. 

SSOSOOSSSOSSSSOSSSSSSSSSOSCSSSESOSOSOSSOSOCSESEES 
All glass engraved mercury tube, with vivid RED 


LABORATORY AND 
‘a PRECISION THERMOMETERS 
column. Round or lens; Ring or button top; 





With or without metal armor; Total or partial | y 
immersion (3° standard). Each in sep. box. All 
ranges: up to 750°F. (or C. equiv.). | 
Plain mercury. Borosilicate tube. 4+200+4950°F, 
Special ranges & dimensions to order. Frac- 
tional division, A.S.T.M. etc. 

Also handy 5’ Pocket style. Annealed and 
guaranteed very accurate. = 
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REPAIRS—To all makes of mercury Industrial 
Thermometers. With "Red-Reading-Mercury’ (no 
extra cost) and new Extruded Brass case included. 
Guaranteed accurate. Reasonable price. 


THERMOMETERS, INC. 


Mfrs. of Industrial Laboratory, ry 











Recording and Dial Thermometers 


2518 NORWOOD AVE., CINCINNATI 12, 0. 


CANADIAN PLANT: PALMER THERMOMETER LTD., TORONTO, 2 
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PYRO 


Instruments for Precision 
temperature measurement 





The Simplified 


PYRO 


OPTICAL PYROMETER 


Determines temperatures of minute 
spots, fast-moving objects and small- 
est streams—at a glance! No correc- 
tion charts or accessories needed. 
Easy to use—weighs only 3 lbs. Spe- 
cial types available to show true spout 
and pouring temps. of molten ferrous 
metal measured in open. Five temp. 
for FREE Catalog No. 85. 


The Improved 


PYRO 


SURFACE PYROMETER 


The ideal instrument for all plant and 
laboratory surface and sub-surface 
temperature measurements. Available 
with large selection of thermocouples 
and extension arms for all jobs. De- 
signed for ruggedness and accuracy 

. it features automatic cold end 
compensation, large 4%” direct reading dial and 
shock, moisture and dust-proofed shielded steel hous- 
ing. Stock ranges 0-300°F. to 0-1200°F. Ask for 
catalog No. 168. 


The NEW 


PYRO rraren 


Tells spot temperatures in- 
stantly in heat-treating 
furnaces, kilns forgings and 
fire boxes. No thermocou- 
ples, lead wires or accesso- 
ries needed! Temperature in- 
dicated on direct-reading 
dial at a press of the but- 
ton Any operator can use 
it Two double-ranges for 
all plant needs. Write for 
FREE Catalog No. 100. 








rue PYROMETER INSTRUMENT co. 


New Plant & Laboratory 


BERGENFIELD 4, NEW JERSEY 
Manufacturers of Pyro Optical, Radiation 


immersion and Surface Pyrometer for over 25 years. 





CYBERTRONIC corp. oF AMERICA 


PRECISION INSTRUMENTS 


CYBER-TROL 
TEMPERATURE CONTROLLER 


A new approach to automatic temperature 
control OUTSTANDING ELECTRONIC 
CIRCUIT is responsive to .00! inch motion of 
pyrometer pointer. New type of pyromillivolt- 
meter mechanism utilizes core magnet system 
for greater accuracy, stability and outstand- 
ing shielding properties. The ''CYBER-TROL"’ 
will hold a narrow "dead zone" with a sim- 
ple ‘on and off" relay action. If a narrower 





“dead zone"’ is required, the instrument can 
be set to obtain a straight line by a pulsing 
action 





CYBER-TAC 
TEMPERATURE CONTROLLER 


Indicates, limits, controls! Has thermocouple 
break protection. The unique electronic cir- 
cuit is stable under ali conditions, including 
wide voltage variations . It's FAIL-SAFE! 








POCKET PYROMETER 


Designed for quick and accurate measure- 
ment of surface and sub-surface tempera- 
tures Versatile, accurate, sensitive . . . 
shock resistant! 


Write for literature 


CYBERTRONIC CORP. OF AMERICA 


Department 12, Industrial Center 


Third & Morton Avenues Chester, Penna. 


For mor e 38 on inquiry card 














“The Best Book of its kind—not only on Glass 
Blowing but on hundreds of techniques” 


Scientific and Industrial 
Glass Blowing and 
Laboratory Techniques 


By 
WILLIAM E. BARR and VICTOR J. ANHORN 
Gulf Research and Development Co. 


This book appeared in serial form in /nstruments 
from December 1945 to November 1947 (both inclu- 
sive) and was hailed in many laboratories and plants 
as “the last word on a hundred and one useful sub- 
ects.” 


Skilled Technician Barr and Scientist Dr. Anhurn 
have jointly written the MOST INFORMATIVE 
boek on glass blowing ever prepared. 


Not only is construction explained in detail, but the 
operating principles of all pieces of apparatus are 
also explained. 
380 PAGES 212 FIGURES, most consisting of 
several diagrams, total over 300 


24 TABLES. EXPERTLY-COMPILED INDEX 
$6.00 postpaid 
Remittance must accompany order 


INSTRUMENTS PUBLISHING CO. 


845 Ridge Ave., Pittsburgh 12, Pa. 
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CHAPTER II 
PYROMETRY 
By M. F. BEHAR 

PART 1—COMPARATIVE CHARACTERISTICS 


YROMETRY and thermometry both 

mean measurement of temperature. 
The word pyrometry, from the Greek 
root for “fire,” means the measurement 
of “high” temperatures, whereas ther- 
mometry refers to the measurement of 
“lower” temperatures. The accepted 
dividing line is “dull red,’ or about 
1000 F. 

An instrument capable of measuring 
both furnace temperatures and refrig- 
erator temperatures can be called either 
a pyrometer or a thermometer, accord- 
ing to its application. The first indus- 
trial thermoelectric temperature-meas- 
uring instruments were pyrometers; 
and it became customary to call all 
thermoelectric instruments pyrometers. 
Today there are industrial thermoelec- 
tric temperature-measuring and -con- 
trolling devices usable to as low a tem- 
perature as --300 F. These are thermo- 
electric thermometers—not pyrometers. 

Industrial pyrometers are usually 
classified as (1) thermoelectric, (2) 
radiation, (3) optical, and (4) fusion. 
The first three classes have pointer-and- 
scale displays, etc.; the fourth class 
comprises pyrometric cones. Each of 
the first three classes can conveniently 
be compared with the two others; but 
fusion cones constitute a separate class 
not subject to such comparisons. 

The sensitive element of a thermo- 
electric pyrometer is immersed in, or 
in contact with, the body whose temper- 
ature is to be measured, whereas radi- 
ation and optical pyrometers are 
sighted from a distance. Therefore, in 
thermoelectric pyrometers, there is an 
essential element subject to deterior- 
ation. 

With all thermoelectric pyrometers, 
and with automatic or autographic 
radiation or optical pyrometers, one can 
have temperature indications and rec- 
ords on panel-board instruments—in- 
cluding automatic controllers—-and one 
can readily install multiple-switching 
arrangements. With a “hand” or “vis- 
ual” pyrometer one can only measure 
the temperature of one thing at a time 

the object sighted. 

The conditions for high accuracy in 
the use of thermoelectric and optical 


Symbols: T- temperature J- junction 


P. Peltier emf. son emt. 
(between conductors) (between junctions) 


pyrometers are fairly easy to realize; 
whereas invisible gases and vapors 
may seriously affect the readings of 
radiation pyrometers. Therefore, the 
latter are considered “less accurate” 
than the other two classes. Under 
standardized conditions, however, ra- 
diation pyrometers are as dependable 
as the others. 

In each class there are both simple 
and complicated, robust and delicate 
instruments. 

For measuring the temperature of 
objects having small mass (say a few 
cubic inches of a gaseous mixture, or a 
solid specimen the size of a pin) the 
ordinary industrial thermoelectric and 
radiation pyrometers can seldom be 
used; whereas most visual-optical py- 
rometers can readily be used if the 
body is incandescent. However, tiny 
needle-type thermocouples, originally 
developed for biological purposes, are 
now commercially available. But there 
are no industrial pyrometers for meas- 
uring the temperature of fast-moving 
objects such as projectiles. Nor are 
there any industrial pyrometers for 
FAITHFULLY recording (likewise with- 
out contact) temperature changes that 
occur in milliseconds. 

Reference to Table 
quotation from the 


I on page 25 (and to the 
1939 paper of which it was 


@ part) will show that possible solutions of all 
these problems have long existed. For example 
NO-CONTAOT MAGNETIC METHODS permit measur- 
ing the temperature of a fast-moving strip or 
wire of any magnetizable metal or alloy in 0.01 
As far back as 1933 one such 
method was even tried for automatically control- 
ling the temperature of a high-speed continuous 
Its advertised in 1934, 
with the razor blades 
the strip; but the de- 
the no-contact method were 


second or faster. 


success 
the virtues of 
heat-treated 
magnetic 


furnace Was 


together 
made from 
tails of 


not disclosed 


Industrial-type total-radiation re- 
ceivers usually take several seconds 
(sometimes a minute or more) to come 
to equilibrium; but THAT situation 
looks more hopeful because the rapid- 
response infrared-sensitive photocell 
(see Part 5) has at last been commer- 
cialized. 

Unlike other classes of pyrometers, 
visual optical pyrometers and hand 
radiation pyrometers require some skill 
of observation and sighting. It is pos- 
sible, however, to sight radiation and 
autometric optical pyrometers by at- 
taching them securely in one position at 
a definite distance from a peephole or 
refractory tube. A certain amount of 
skill is required when a permanent in- 
stallation is made. 

The maintenance required does not 
depend so much on the class as on the 
particular instrument and its auxil- 
iaries. Experience and judgment are 
always required to detect and to remove 
causes of inaccuracy. 

Causes of inaccuracy may arise with- 
in the instrument or from the instal- 
lation. Eternal vigilance is required for 
continuously accurate measurements of 
high temperatures. 


PART 2—THERMOELECTRIC PYROMETRY 


1. PRINCIPLES 


When two conductors, made of dif- 
ferent materials, are joined together as 
shown in Fig. 1, and when the temper- 
atures of the two junctions are differ- 
ent, a current flows in this closed 
circuit. 

An electric current usually flows by 
reason of a potential difference or 
electromotive force. In the simplest 
thermoelectric circuit (Fig. 1) there 
are no fewer than FOUR emf’s. And 
the simplicity of electrical diagrams 
cannot be realized in practice. For ex- 
ample the simplest possible practical, 
usable thermoelectric pyrometer (a 
portable one of the “lance” form) re- 
quires a diagram like that in the center 
of Fig. y A 


K- Thomson emf?. 
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In practice,one junction is measuring, the other is reference: A Fda | 
Custom is to designate T, as Ty and 7, as 7, , and temperature 


difference as (7,-T,). 


in practice the higher temperature is Tp. Then diffs (Ty 


However, this must be inverted if 


-T,). 


Direction of current depends on whichever of materials A ana 
B is thermoelectrically positive to the other. (Above, A to B.) 


Fig. 1 


PYROMETER Or THeRmocouPLe 


In connection with Fig. 2 it may not 
be amiss to state that a THERMOCOUPLE 
is a pair of electrical conductors of dis- 
similar materials, designed and con- 
structed for temperature measurement 
and control. The entire assembly, in- 
cluding protection tubes, etec., is gen- 
erally called a thermocouple. A THER- 
MOELEMENT is one of the pair of con- 
ductors, and the word thermoelements 
refers to the thermocouple proper. In 
discussions of characteristics, and in 
circuit diagrams, the word thermocou- 
ple (or “couple” for short) refers of 
course to the thermoelements. 

The temperature effect utilized in 
thermoelectric pyrometry is an effect 
between is not a static-elec- 
tricity effect a current-electricity 


bodies. It 
but 


Lvolfmeter or 


Potentiometer 
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INSTRUMENT I 
{ < tf _ Rete rence 
, : Junctions 
Must beat the same 
temperature (Tp) 








Measur ing 
“Junction: 
at temperature Tne 





eflect. The ampere vaiue of the current 
depends on the circuit resistance 
(Ohm’s law). By using rods instead of 
wires, experimenters obtain thirty am- 
peres of current, but the emf’s are 
exactly those that would be obtained 
with hair-like wires. What depends on 
temperature is the thermal emf. It 
usually is a millivoltage. 

The thermal emf. called See- 
beck emf. after its discoverer) is al- 
ways the resultant of Peltier emf’s AT 
junctions, and of Thomson (or Kelvin) 
emf’s BETWEEN junctions. A Peltier 
emf. is an emf. seated in one junction, 
and varying with the temperature of 
this junction. A Thomson emf, is dis- 
tributed along a conductor and is al- 
with a temperature 
gradient between the two junctions 
terminating this single conductor, so 
that it varies chiefly with the difference 
between the temperatures of these two 
junctions, but it varies with the 
temperatures of the junctions and with 
the temperature distribution along the 
conductor. 

The Peltier emf. varies with the 
absolute temperature of the junction 
where it is seated. The formula is 
I’ = TdE/dT, The manner in which the 
Thomson coefficient varies (the “law” 
of this effect) has not yet been deter- 
mined. The value of a Thomson emf. 
can only be determined by experiments 
involving Peltier emf’s, and by mathe- 
computations which need not 


(also 


Ways associated 


also 


matical 


be gone into here. The only mathematics 
needed in practice is the familiar mem- 


ory-aid, “Seebeck Peltier plus 
Thomson.” The “plus” means, of course, 
the algebraic sum. 


equals 


A thermoelectric pyrometer is, in one 
sense, a reversible heat engine—though 
a poor one. Thermal energy flows from 
hotter portions of the system to colder 
portions, and some of it is transformed 
into electric power which an _ instru- 
ment (itself essentially a “‘motor’’) then 
transforms into the mechanical power 
that deflects a pointer. It is impossible, 
however, to use a homogeneous electrical 
conductor as a heat engine which takes 
in thermal energy and out a 
thermal emf. actuating a motor or in- 
strument. Therefore, a thermocouple 
wire tested for homogeneity by 
connecting its ends to a zero-center 
galvanometer and subjecting various 
portions of the wire (except the ends 
near the instrument) to temperature 
gradients. Any deflection of the galva- 
nometer, in either direction, will be a 
sure sign of inhomogeneities. 


gives 


can be 


It is impossible to use a single junc- 
two dissimilar materials as a 
which takes in thermal 
energy and gives out a thermal emf. 
actuating a motor or instrument. The 
contact potential at a single junction 
(which can only be measured by special 
laboratory apparatus) is not the Peltier 
emf. The Peltier emf. arises from the 
fact that thermal energy enters a junc- 
tion from the environment, causing 
electric energy to cross the junction in 
one direction; or heat passes from the 


tioa of 
heat engine 


junction to the outside, causing elec- 
tricity to cross the junction the other 
way; AND that the “mirror image” of 
this process goes on at a SECOND junc- 
tion symmetrically associated with this 
first junction. Therefore, an instrument 
“reading” obtained with a thermocouple 
open is a sure sign of stray currents, 
wires touching, voltaic emf’s due to 
chemical action, ete. 

The conclusion is that even the 
simplest possible thermoelectric circuit 
(Fig. 1) consists of TWO heat engines; 
the Peltier effects engine and the Thom- 
son effects engine—one in which heat 
travels horizontally with temperature; 
and one in which heat travels vertically 
across the temperature gradient of the 
first engine—of from a hotter 
to a colder region in each case. Neither 
of these 
without 


course 


thermoelectric can 


the other. 


engines 


exist 


2. MEASURING THE THERMAL EMF. 


For each class of industrial thermo- 
elements the relation of temperature 
difference to thermal emf. is accurately 
known. The National Bureau of Stand- 
has published tables of values. 
practice consists in measuring 
this thermal emf., and doing our best 
to avoid measuring anything else. It 
simple if we could have a 

circuit consisting only of 
as in Fig. 3, with no discon- 
tinuity of any kind except at the two 
junctions. Since this is not the case in 
practice, good results depend on being 
able to distinguish the thermal emf. 
from all error-causing emf’s. 


ards 


Good 


would be 
MEASURING 
two wires 


The simplest MEASURING circuit usual- 
ly comprises the following components: 
(a) The thermocouple, inserted where 
the temperature is to be measured and 
embodying the measuring junction, 
which is generally at the tip. (b) The 
reference junction, which usually is 
not but two connections——between 
each of the thermocouple 
their extension leads) and copper leads 
or brass terminals. (c) Some provisien 


wires (or 


for either keeping the reference junc- 
tion at a constant temperature, or for 
automatic compensation for variations 
in reference-Junction temperature. (d) 
An electrical instrument for accurately 
measuring the comparatively feeble 
emf. (e) Various appurtenances such 
as insulation, protection tubes, term- 
inal heads, etc. 

The simplest measuring circuit, Fig. 
1, differs considerably from that of 
Fig. 3. In the first place an instru- 
ment has been inserted in series, in 
creasing the circuit resistance. There- 
fore, the current due to the thermal 
emf. is decreased. Its value in milli- 
amperes is no longer the thermal emf. 
in millivolts (EF) divided by the ther- 
mocouple resistance in ohms. It is 
EB'/ (Roy + Ry). And the potential dif 
ference across the instrument terminals 
E but 
E X Ryyysg/(RoytRyys)- 

In the second place the series instru- 
ment is a milliammeter without a shunt, 


is not 


used to measure millivoltage. Its tem- 
perature readings will be affected by 
variations in external circuit 
ance. 

In the third place we have three 
thermocouples instead of one. Reading 
clockwise, these are B to A, A to brass, 
brass to B. In order to introduce no 
errors, the two binding posts MUST 
be maintained at the same temperature. 

Now we generalize this case and 
derive a rule applicable to all thermo- 
electric pyrometer circuits. 

The preceding discussions 
brought out that certain types of cir- 
cuits will not, and others will, generate 
thermal emf’s; also that a thermoelec- 
tric circuit, reduced to its essentials, is 
symmetrical. Everything comes in 
pairs: materials, temperatures, tem- 
perature gradients, potentials, emf’s, 
and so on. Some pairs are vertical, 
other horizontal. There is about it a 
useful symmetry which, if kept in mind, 
enables the user to take proper precau- 
tions while not wasting time and effort 
on unnecessary precautions. 

What we call the Law of Symmetry 
is but a new name for a 
well-known (but heretofore uncoordin- 
ated) directions to users, laws of ther- 
molectricity, etc. The simplest state- 
ment of this law would involve descrip- 
tions of thermoelectric circuits produc- 
ing thermal emf. which depends 
upon the difference between T, and 7), 
and upon nothing else. This law is ex- 
pressed graphically in Fig. 5. If the 
axiom that equal and opposite effects 
cancel out is borne in mind, three things 
can always be done: 

1. In making an installation or in 
using a self-contained outfit, the correct- 
ness can be verified. See Figs. 5 to 11. 

2. To an existing circuit there may 
be added various features, provided 
only that each addition does not consti- 
tute a source (or sources) of spurious 
emf’s. An alteration will generally 
change the total circuit resistance, but 
this in itself not change the 
thermal emf. 

3. From the circuit DIAGRAM of an 
existing installation there may be elim- 
inated all features which do NOT con- 
tribute error-causing thermal emf’s- 
all features in which contacts are clean 
and in which the junctions of dissim- 
ilar materials are known to be at the 
same temperature. (The elimination 
can consist of pencil lines drawn around 
such error-free features, one by one.) 
Then the trouble-shooter, without hav- 
ing to tear down a lot of wiring, can 
proceed to check one by one the com- 
ponents, conductors, connecticns, ete., 
that really deserve suspicion. 

The Law of Symmetry implies that 
altering a thermoelectric circuit means 
introducing two or more junctions. 
Think of each pair of additional con- 
nections as a pair of thermoelements 
when the materials are dissimilar 
and make sure that the effects are 
equal and opposite. Similarly, in any 
single conductor, any contamination or 
other cause of inhomogeneity will al- 


resist- 


have 


series of 


one 


does 
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ways introduce two additional june- When the extension leads are of tan, and iron are inexpensive, the lead 
tions. Thus, if we represent the homo- materials different from those of the wires are of the same material. For 


geneous material by A and the con- thermocouple materials, additional Pel- thermocouples of more expensive mate- 
taminated section by a, the effect will tier and Thomson potentials are in- rials, low-cost lead wires of proper 
always be troduced. For rare-metal couples, ex- temperature-emf. characteristic are 
tension leads can be made of pairs of used. 

inexpensive materials, the tempera- 
- Se J _  ture-emf. characteristic of which is 
Reference is made to a _ contami- practically the same as that of the It has been shown that one way to 


AAAAA |aaaaaa| AAAAA 


Line-resistance Compensation 


minimize errors caused by fluctuations 
in line resistance due to temperature 
fluctuations is to use high-resistance 
measuring instruments. It often is ad- 
visable to take care of all changes in 


nated section. A tiny inhomogeneous 
spot caused by one drop of perspiration 
would seldom create an emf. because 


couple. Such leads are called compen- 
sating leads. Since their composition 
7 aged is not exactly the same as that of the 
its ends would be at the same tempera- ; 

ie Ay it ; couples, they are not true extension 
ture. But exposure to furnace and : ‘ 
other atmospheres causes sections to leads and their two connections to the Son ae AB csenaiiren ameter ence 
be contaminated and exposed to temper- rare-metal wires must be kept at the One way to do this is to measure the 
ature gradients, whence—always— line resistance from time to time with 
emf’s causing errors. A typical compensating-lead circuit g Wheatstone bridge, and to correct 

The simple pyrometer shown in Fig. is shown in Fig. 8: The instrument faulty conditions as detected. This 
4 (a pair of thermoelements attached contains not only the series resistance method is not “compensation.” There 
directly to a millivoltmeter) can be put the reference junction and also a are two methods of compensation: 
used for precision measurements Of mechanical or electrical arrangement (1) The adjustable-series-resistance 
temperatures only when the millivolt- which obviates the need of keeping the method uses an instrument with an ad 
meter has automatic compensation for reference junction at a constant tem- justable rheostat. The rheostat is cali- 
reference-junction temperature. When vases : brated for a new installation of the 
the millivoltmeter cannot be located on Z : thermocouple and leads. The adjustable 
near the terminal head of the thermo- The types of lead wire commonly osistance is reduced when the line 
couple, the lengths of lead wires be- used with typical thermocouples are resistance increases; the line resistance 
tween the thermocouple and millivolt- shown in Table I. As copper, constan- js measured by a portable test set. 
meter can vary in resistance and thus (2) The Harrison-Foote method ob- 
introduce errors. LE I—TuermocourLe Leap WIRES viates the need of a separate test set 

One solution to the problem of long Thermocouple Lead wire by using a built-in arrangement of re- 
lead wires is to insert, in series with ' ~ ! ~ sistances, one of which is adjustable 
the couple, a resistance so much larger Copper Vonstantan Copper phere aeit and in series with the line and meas- 
than the changes in lead-wire resist- onl eae es cn eas uring instrument. This resistor is set 
ance that the variations become neg- Chrome]  Alumel Iron Copper- at its maximum value when the in- 
ligible. See Fig. 6. The series resist- nickel alloy strument is calibrated. When the in- 
ance, or ballast, usually is made of _ num- Plstinum Copper Copper. strument is used, the series resistance 
manganin, which has a negligible tem- Piven bivcnsa’ Copper PB ern: es i is adjusted to give a predetermined 
perature coefficient of resistivity. 125 F, only reading on the instrument whenever 


same temperature. 
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a push-button (or key) is in either of 
its two positions. It is checked in a 
similar manner. This device is useful 
for multiple installations which have 
different line resistances. As many 
series rheostats are used as there are 
thermocouples, and each is adjusted in 
the manner described. 


Reference-junction Compensation 


Any uncompensated variation in the 
temperature of the reference junction 
causes a corresponding error in the 
indication of the pyrometer. As with 
the line-resistance variation (which is 
less serious) two methods are available 
for eliminating reference-junction ef- 
fects: (1) hold the reference junction 
at a constant temperature, or (2) let it 
fluctuate but compensate for varia- 
tions. 

If the reference junction is to be 
kept at a constant temperature, it must 
be moved away from the vicinity of 
the terminal head. For checking and 
testing purposes in the plant, and for 
work in the laboratory, a 
thermos bottle filled with cracked ice 
is best because it gives the ice-point 
reference and makes possible the most 
accurate work. For some installations 
the reference junction can be inserted 
in a pointed pipe driven 10 or more 
feet into the ground. See Fig. 10. Ther- 
mostat-controlled heated boxes are also 


scientific 


in use. 

There are two methods of 
sating for variations in reference-junc- 
tion temperature—manual and auto- 
matic. 

For manual compensation the circuit 
is opened, the pointer or pen-arm is 
to read the temperature of the 
reference junction, which is usually 
that of the instrument, and the circuit 
reclosed for work. The instrument tem- 
perature is room temperature (except 
when the instrument is carelessly lo- 
cated) but, in order to eliminate guess- 
work, a simple thermometer may be 
included in the instrument. 

Automatic compensation is obtained 
in many different ways in the labor- 
atory, but in the plant there are three 
important methods—(1) mechanical, 
(2) magnetic and (3) electrical. 

The mechanical method for automat- 
ic compensation interposes a bimetallic 
spiral between the moving coil of the 
millivoltmeter and the pointer or pen- 
arm. When the circuit is open, the 
reading is the reference-junction tem- 
perature. This method compensates not 
only for cold-junction variations but 
also for the temperature coefficient of 
the instrument itself, which results 
mainly from changes both in spring 
strength and in resistance of the cop- 
per of the moving coil. It is of course 
for the bimetallic coil to 


compen- 


set 


impossible 
compensate exactly for both. 

The ingenious magnetic shunt method 
for automatic compensation is simply 
a small block of iron on a thermostat 
spring, which tends to proportionately 
shunt the magnet poles of the instru- 


The 


ment as the temperature varies. 
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Fig. 12 Fig. 
shunting affects the field strength and 
hence the effective coil torque. 

The electrical method for automatic 
compensation uses an auxiliary bridge 
circuit, which contains a compensating 
coil of material having a large temper- 
ature coefficient. The resistance changes 
of this compensating coil, which is lo- 
cated in the reference-junction. zone, 
alter the balance cf the bridge, causing 
the current from a dry-cell battery 
connected across the bridge to correct 
the thermocouple emf. electrically 
in accordance with the changes of the 
reference junction. The temperature- 
responsive coil and the reference junc- 
tion are both located at the instrument. 
A rheostat in the battery circuit is used 
periodically to adjust the battery cur- 
rent. A switch connection permits 
checking the rheostat adjustment by 
using the pyrometer millivoltmeter to 
measure the battery adjustment to a 
check point on the scale. 

Another automatic method for elec- 
trical compensation of reference-junc- 
tion temperature utilizes a simple se- 
resistor made of a material with 
temperature coefficient of 


ries 
a negative 
resistivity. 

With or without cold-junction com- 
pensation, it is necessary to maintain 
the cold-junction terminals at the same 
temperature. When an instrument with 
automatic compensation is exposed to 
heat such as radiation from a furnace, 
the terminals outside of the instrument 
case can attain a different temperature 
from that of the compensator within 
the case. This produces an error. 


The Potentiometer 

For precision work the potentiometer 
is a better measuring instrument than 
the millivoltmeter. It is more sensitive 
and its sensitivity is adjustable. Even 
more important, the potentiometer 
makes it possible to measure the po- 
tential developed by the thermocouple 
regardless of the variations in circuit 
resistance, length of leads, and other 
electrical conditions which may affect 
the reliability of millivoltmeter read- 
ings, especially after months of severe 
service. 

The null potentiometer circuit com- 
pares the unknown potential with a 
known potential, which is calibrated 
against a standard cell. Resistances 
in the circuit are adjusted until there 
is a negligible flow of current at the 
moment of measuring. In a deflection 
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potentiometer a part of the potential 
is balanced out and a part measured 
in the usual way. 

As a potentiometer circuit requires 
little current flow—and no current 
when balanced—it is unaffected by re- 
sistance changes of the thermocouple 
and its leadwires. For applications 
where variations in external circuit 
resistance cannot be avoided, and where 
accuracy to 1 percent of the instrument 
scale range is desired, the potentiom- 
eter should be used. 

Electrically, there are three types— 
the true potentiometer, the semi-poten- 
tiometer, and the deflection potentiom- 
eter. 

Structually, there are three types 
bench (with or without galva- 
nometer and other features), portable, 
and switchboard. 

Simple potentiometer circuit (Fig. 
12)—-The unknown potential developed 
by thermocouple H is connected to the 
circuit at points D and G. Point G is 
a movable contact on a slidewire re- 
sistor, DGE. Battery BA produces a 
potential drop resistor DGE. 
This potential has the same polarity 
as the thermocouple potential. Movable 
contact G is moved along the slide-wire 
resistor until the potential drop pro- 
duced by the battery across DG is ex- 
actly equal to the potential developed 
by the thermocouple. At this point no 
current flows in the thermocouple cir- 
cuit through the galvanometer, just as 
no current flows through two batteries 
of equal potential when they are con- 
nected in parallel. At the balance point 
the galvanometer needle shows no de- 
flection. 

The accuracy of measurement de- 
pends on the accuracy with which the 
potential developed by battery BA is 
known. A _ standard cell is added to 
the circuit, as shown in Fig. 138, for 
standardizing the battery potential. The 
standard cell produces a highly ac- 
curate and constant potential. This 
potential is connected to the potenti- 
ometer circuit at points D and F by 
means of the switch shown below the 
galvanometer. Variable resistor R then 
is adjusted until the potential developed 
from D to F by battery BA just equals 
the potential of the standard cell, as 
indicated by a balance of the galva- 
nometer. This adjustment of the po- 
tential of battery BA is done periodic- 
ally. The standard cell is disconnected 
from the circuit after the adjustment 


also 


across 








Fig. 


and the thermocouple is reconnected to 
the potentiometer circuit. 

Reference-junction compensation.— 
The balancing potential is developed 
across resistance DG. If point D is 
made movable, as shown in Fig. 14, the 
potential DG can be varied at either 
D or G. Therefore, compensation for 
reference-junction changes can be done 
simply by setting slider D at a point 
that corresponds to the known temper- 
ature of the cold junction. The poten- 
tiometer then is balanced in the con- 
ventional manner by slider G for mak- 
ing temperature measurements. The 
readings obtained by slider G_ then 
give the temperature of the hot junc- 
tion directly and accurately. 

The same result can be obtained by 
connecting point D to a second slide- 
wire resistor, which is in parallel with 
the main slide-wire resistor, as shown 
in Fig. 15. This second slide wire has 
a temperature scale. Manual compen- 
sation for cold-junction temperature is 
done simply by setting point D to the 
temperature of the instrument, as in- 
dicated on the scale. 

Note that moving contact D either 
increases potential N and decreases 
potential M, or decreases N and in- 
creases M. In other words, the ratio 
of potential N to potential M is varied. 
In indicators and recorders with auto- 
matic cold-junction compensation, the 
ratio of N to M is varied automatically 
as shown in Fig. 16. Point D is fixed 
between two coils, M and N. Coil M is 
a constant-resistance coil with a low 
temperature coefficient of resistivity. 
Coil N is a nickel coil located at or 
near the cold junction. As nickel has a 
high temperature coefficient of resistiv- 
ity, the ratio of M to N varies with the 
temperature of the cold junction, thus 
automatically providing cold-junction 
compensation. 

Fig. 17 shows a modification of the 
automatic-compensation circuit that 
permits the cold junction (and coil N) 
to be located at a distance from the 
measuring instrument. 

Accuracy of potentiometer circuits. 
—The accuracy attainable with a po- 
tentiometer depends on the accuracy 
of the reference standards used in 
the balancing technique. In the poten- 
tiometer circuit there is (1) the ul- 
timate reference standard, which is 
the potential of a standard cell, (2) 
the working standard, which is the 
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periodically-adjusted potential from a 
battery or other source, and (3) the 
resistors that balance the potentials. 

The standard cell is a small voltaic 
cell of the cadmium type, usually 
made in the form of an H. The poten- 
tial of a standard cell is slightly 
more than one volt, the exact value 
being certified to 0.1 millivolt in in- 
dustrial models. Some industrial po- 
tentiometers use other sources for a 
standard reference potential. 

The resistors used in the potentiom 
eter circuit can be as precise as the 
price, size, and weight of the instru- 
ment permit. Accuracy to the fourth 
decimal can be realized in expensive 
thermostated oil-bath models. 

Although the more expensive bench- 
type potentiometers used in the plant 
calibrating room can be made reason- 
ably free from the effects of spurious 
potentials, this is not true of the less 
expensive portable and switchboard 
instruments. Portable potentiometers 
must be small and light. Switchboard 
instruments usually have motors, 
lamps, electron tubes, ete., within 
their cases, which evolve heat and 
cause temperature gradients. The ef- 
fect of spurious potentials can be re- 
duced by keeping the many junctions 
at uniform temperature. 

The galvanometer is a seldom-seen 
component of a _ potentiometer or 
bridge. Designed for switchboard 
service, it is small, rugged, stable, 
and sensitive. Its function is to de- 
tect the unbalance in the potentiom- 
eter circuit. Some industrial potentiom- 
eters use other unbalance detectors. 


Semi-potentiometer 


In the semi-potentiometer no cur- 
rent flows at the time a measurement 
is made, but the value of the poten- 
tial to be measured is read from a 
deflection instrument in the circuit. 
As in the conventional rotentiometer, 
the thermal emf. is balanced out by 
a potential from a reference source, 
and the balance indicated by a gal- 
vanometer. The opposing potential, 
which then equals the thermal emf. 
because couple and lead-resistance fac- 
tors disappear, is read directly on a 
millivoltmeter. The advantage of the 
circuit is that no current flows at the 
time of measurement. The attainable 
accuracy, however, is limited by the 
accuracy of the deflection instrument. 


Deflection Potentiometer 


In null-method potentiometer  cir- 
cuits, no current flows at the moment 
of measurement. In order to convert 
a null-method potentiometer into a 
deflection potentiometer, the galva- 
nometer is balanced and the center of 
its scale is marked for the temper- 
ature at which the circuit is balanced. 
The scale of the galvanometer is then 
calibrated on both sides of the center 
in degrees of temperature by refer- 
ring to the curves of thermal emf. 
vs. temperature, which the National 
Bureau of Standards publishes for 
each type of thermocouple. The scale 
can thus be made to cover a range 
of less than ten degrees, depending 
on the sensitivity of the galvanometer 
movement. This instrument, with a 
scale calibrated in degrees, is called 
a deflection potentiometer. 


3. THERMOCOUPLES 


standard- 
because a 
thermo- 
industry’s 
been rel- 
How- 
con- 


There is a trend toward 
ization of thermocouples 
few industrially successful 
elements have emerged as 
favorites while others have 
egated to unusual applications. 
the variety of mechanical 
struction of mountings and _  acces- 
grows greater with almost 
every new catalog. This is a healthy 
situation because there is a pleasant- 
ly wide choice of constructions for 
all important applications and a grow- 
ing number of “specials,” each made 
to order for some industry or stand- 
ardized piece of equipment. These 
“specials” include complete indicating 
systems, quantity-built and assembled, 
consisting of thermocouple, cable, and 
millivoltmeter indicator, all ready to 
use. 


ever, 


sories 


pair of thermocouple mate- 


very 
rials has 
vantages. 
sential so 
will not need 


as ad- 
es- 


limitations as well 

Interchangeability — is 
that the instrument scale 
recalibration each time 
a couple is replaced. The elements 
on the market are standardized and 
almost perfectly interchangeable with- 
in each type. Because of this, com- 
mercial instruments have indicating 
scales and recording charts which are 
graduated in degrees of temperature, 
and which read correctly for parti- 
cular types of thermoelements. The 
most common thermoelements§ are 
classified as either rare-metal or base- 
metal couples. 

Rare-metal couples are made of 
platinum and platinum with rhedium. 
The platinum-rhodium alloy is avail- 
able in two compositions: (1) 90 per- 
cent platinum and 10 percent rhodium, 
and (2) 87 percent platinum and 13 
percent rhodium. 

Base-metal couples are usually iron- 
constantan, chromel-alumel, or cop- 
per-constantan. Other combinations of 
base metals are being used also. 

The graphite to silicon-carbide cou- 
ple was developed for the pyrometry of 
liquid iron and steels. 





The temperature-emf. characteris- 
tic of common thermocouples are 
shown in Fig. 18. The principal serv- 
ice characteristics are shown in Ta- 
ble II. 

A couple suitable for use in oxidiz- 
ing or reducing atmospheres at “safe” 
temperatures should be used in either, 
but not in one after having been used 
in the other, whatever the tempera- 
tures of the first and second. 

Rare-metal Thermocouples.—Al- 
though the first cost of rare-metal 
thermocouples is several times that of 
base-metal couples made of wires of 
same gages and lengths, rare-metal 
couples are seldom more expensive in 
the long run. The reasons are prac- 
tical rather than theoretical. In the 
first place, their outstanding repro- 
ducibility and stability permit their 
being selected for applications where 
extreme accuracy required and 
where, consequently, precautions are 
not overlooked. In the second place, 
their chief weakness (silicon contam- 
ination) well-known that 
cautions redoubled. Thus it fre- 
quent'y is reported that the cost per 
furnace per year of using rare-metal 
couples is smaller than for furnaces 
where base-metal couples are used. 

The chief limitation of rare-metal 
couples that they require special 
protection, particularly in reducing 
atmospheres. Silicous materials must 
be avoided. 

Rare-metal are frequently 
used bare in the laboratory, but both 
thermoeclements are so easily contam- 
inated that extreme precautions must 
be taken. When contaminated, they 
can in many cases be restored to good 
condition. A publication of the Na- 
tional Bureau of Standards gives di- 
rections for removing surface 
impurities, restoring homogeneity of 
microstructure, and forth. 

Maximum deviation from 
standard recognized 
manufacturers seldom 
5 F. 2000 EF. for new rare-metal 
couples. Such an “error” not even 
observable on the scale of an ordinary 
millivoltmeter pyrometer. As rule, 
a new rare-metal couple can confident 
ly be used in the plant without check 
ing by the plant instrument depart- 
ment. 

A rare-metal couple and high- 
grade portable potentiometer can be 
used as a portable temperature check- 
just as an inspector’s gage which 
around to ordinary 
gages. However, note that 
the temperature reading given by any 
(when reference-junction pre- 
are observed) the tem- 

of its measuring junction, 
with different protections and 
different immersions, two perfect cou- 
ples give widely different read- 
ings of the same furnace temperature. 
Supplementing the 
Table I] recommendations under “Tron 
constantan” is the following statement 
to the author from Dr. I. M. Stein: 
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1. The ironconstantan 
proper conditions gives a more reliable relation 
between emf. and temperature than other 
type of base-metal couple. 

2. In an atmosphere, particularly 
at temperature above 1400 F., the life of an 
iron-constantan couple is much reduced so that 
chromel-alumel couple is 


couple used under 


any 


oxidizing 


for such services the 
usually recommended in spite of its less reliable 
temperature-emf, relation. 

3. In some reducing atmospheres, the iron- 
constantan couple theoretically would be subject 
the action of the 
However, the reducing atmospheres 


to errors due principally to 
constantan 
that are usually encountered in practice are of 
nature that the iron-constantan couple is 
not appreciably affected the one usually 
recommended for reducing atmospheres.” 

In 1940 it was pointed out that there 
was an enormous difference between 
the temperature limits recommended 
for the smallest and heaviest wires. 
This has been incorporated in Table II. 
This difference is greater for iron-cons- 
tantan than for any other pair of in- 
dustrial thermoelements. 

Copper-constantan.—This couple is 
not recommended for temperatures 
above 600 F., because copper oxidizes 
too rapidly, although it is suitable for 
both reducing and oxidizing atmos- 
pheres. Interchangeability between dif- 
ferent couples and from lot to lot can 
be guaranteed within smaller limits 
than other base-metal couples—about 
6 F. Frequently this type is used with 
multiple junctions, i.e., several couples 
in series, for work in small areas where 
quick readings are desired. At the 
low temperatures for which this couple 
is suitable, no primary or secondary 
protection other than insulation is or- 
dinarily required. When used in acid 
fumes or under other corrosive condi- 
tions, a thin-wall transparent quartz- 
glass or hard-porcelain tube is adequate 
protection. 

Chromel-Alumel.—Best service is ob- 
tained when used in oxidizing atmos- 
pheres. Interchangeability from ele- 
ment to element and lot to lot, is gen- 
erally guaranteed within 15 F. The 
somewhat lower degree of interchange- 
ability of these as compared with iron- 
constantan is in part offset by the fact 
that they can be used for a higher tem- 
perature range. Some manufacturers 
have recommended this type for tem- 
peratures as high as 2400 F. This is 
possible for short periods only, even 
with the heaviest wires. 


such 


and is 


Miscellaneous Notes on Thermocouples 

Cold-working alters the curve of most 
elements. Swaging, bending, and twist- 
ing the wires nearer the weld do not 
matter so much as sharply bending @ 
portion which will be 
temperature gradient. The _ steepest 
gradient, of course, is at a furnace wall. 
Therefore, even double-protected cou- 
ples must be handled with this in mind. 

temember that for an equal exertion 
of finger-muscle strength, the area 
stresses in a small-gage wire are much 
greater than in a heavy wire; also that 
the seriousness of “surface” impurities 
is in inverse ratio to diameter. 


exposed to a° 


As the potentials are millivolts, it 
is essential to use clean contacts and 
high-grade switches to prevent vari- 
able-resistance errors and other sources 
of erratic readings. 

The reference junction is usually two 
junctions (element A to brass, brass to 
element B). The same condition may 
apply to the hot junction. Its wires 
need not touch if they are immersed 
in molten metal, or rubbed and pressed 
hard against a metal surface. There 
are many uses for a bare couple. For 
temperature of solid metal parts (bear- 
ings, ete.) the wires may be peened 
into the metal. In such cases the two 
wires should be close together because 
a difference of temperature at their re- 
spective entrance points will set up an 
additional emf. In all such cases, too, it 
should be noted that the surface tem- 
perature is the one which will be indi- 
cated. Welded or twisted couples dip 
ping in- slightly conductive liquids 
should not be immersed deeply. 

Radiation and conduction always af- 
fect the readings of couples. The couple 
develops the emf. due to its own tem 
perature, but its own temperature may 
be different from that of the medium. 
The wires conduct not only electricity 
but heat. Where a high order of ac- 
curacy is desired in measuring furnace 
atmosphere temperature, the couple tip 
should be surrounded by a 
prevents its “seeing” surfaces colder or 
hotter than the atmosphere. This pre- 
vents radiation to or from such sur- 


faces. 


sleeve to 


Tubes. 


Protection 


For high-temperature work the pro 
tecting tubes are of greater practical 
importance than the thermoelements. 

The following properties (as listed 
by the National Bureau of Standards) 
should be considered in reference to 
the particular for which the 
tube is required: 
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high 
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withstand mechanical shocks 


rigidity. Protecting tubes frequently 


and exhibit the phenomenon of plastic 
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changing temperatures are measured, Usually, 
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that the flow of 
as possible 

Ability to 
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thermal conductivity is desired so 


heat along the tube is as small 


(R®) resist corrosion from molten 


metals or gases, 


4. MAINTENANCE FACTORS 


The most common cause of errors in 
the use of thermoelectric pyrometers 
is poor connections—loose, corroded 
dirty, oily, and so forth. 

The next most common cause of error 
is short-circuits inside thermocouple 
stem caused by worn or broken insu- 
lators. Other causes are: 


(1) Locating instruments too near 
sources of heat. Even automatic com- 
pensation of cold junction in instru- 
ment case may not be designed to take 
care of serious increase in coil 
ance (and hence lower torque) due to 
excessive temperature. No compensa- 
tion is designed to nullify the effects 
of gradients in the instrument case. 

(2) Locating instruments where they 
are subjected to excessive vibration and 
shocks. A sudden jar can cause two or 
more turns of a spiral spring to catch 
one another. This shortens the spring 
which the and readings 
will be too high. 

(3) Inadequate protection from dust, 
fumes and moisture. 

(4) Altering length of extension and 
even of copper leads. 

(5) “Repairing” broken or worn ex- 
tension leads with unsuitable wires. 
This can cause an error of 15 percent 
of range. 

(6) Even in replacing compensating 
leads with properly chosen new leads, 
reversing polarity will cause errors. 

(7) Various unforeseen causes of 
change of lead resistance. 

(8) Running leads close to furnaces 
for long distances. As commercial wir- 
ing is not perfectly homogeneous, the 
variable resistance causes errors unless 


resist- 


opposes coil 


a true potentiometer is used. 
(9) Neglecting to check 
circuit. 
(10) Neglecting to periodically veri 
fy temperatures of buried cold junction. 
(11) Neglecting to inspect thermo 


with open 


stated junction or zone boxes. 


(12) Neglecting to test contacts of 
multiple and other switches. 

(13) Variable immersion of thermo- 
couples. 

(14) Allowing ashes, dust, clinkers 
or other material to accumulate on the 
end of the protection tube. 

(15) Using instruments calibrated 
for one type of thermoelements to 
measure temperature with a different 
type of couple. 

(16) Impairment of homogeneity of 
thermocouple wires where exposed to 
temperature gradients. Such impair- 
ment is usually caused by contamina 
tion (cracked protection tube, ete.). 

(17) Induced currents, stray leakage, 
etc. Wherever there are electric fur- 
naces, electrical machinery or even the 
usual plant wiring, in the close vicinity, 
the original installation should be made 
by a trained man. This is especially 
true of multiple-switching circuits. 

(18) Voltaic effects arising from 
worn insulation plus moist wood, ete., 
between leads of dissimilar 

(19) The “Becquerel effect,” set up 
sometimes when tubes are not gas-tight 
and themselves emit a gas which con 
taminates the couple. This is 
times remediable by annealing the wire. 

(20) If the pointer wobbles, there is 
trouble somewhere—probably a_ loose 
connection or defective insulation. 
Sometimes the trouble can be located 
by shaking one part of the circuit 
after another. 
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PART 3—TOTAL-RADIATION PYROMETRY 


1. LAWS AND DEFINITIONS 


All bodies not at absolute zero tem- 
perature—and not tightly blanketed, 
i.e., “in the open”—constantly emit 
electromagnetic radiation to their sur- 
roundings. 

All bodies constantly absorb electro- 
magnetic radiation from their sur- 
roundings, if not shielded therefrom. 

Electromagnetic radiation comprises 
all wave-lengths from the extremely 
short-wave secondary cosmic rays to the 
longest radio waves. Theoretically, one 
body of any size or material would con- 
tinuously emit all the wave-lengths of 
this entire spectrum if its temperature 
were high enough, but some physicists 
believe that only the hottest stars do 
so continuously, and there is some doubt 
that even a nuclear-fission bomb does 
so momentarily. It has been known 
for centuries that common objects at 
the temperatures of molten lead, tin 
or zine do not emit visible radiation 
and the expression “red heat” came to 
mean the temperature at which most 
ordinary objects begin to glow visibly. 
(It is about 980 F.) 

The electromagnetic radiation which 
is emitted by a body solely because of 
its temperature is variously known as 
total radiation, or thermal radiation, 
or radiant energy—or radiant heat (to 
distinguish it from light which of 
course is a form of radiant energy). 
In pyrometry, thermal radiation § is 
preferably called RADIANT FLUX, a term 
having a precise meaning, which is 
power. Radiant heat is a form of ener- 
xy; its common units are the erg and 
the joule. Radiant flux, being radiant 
energy in transit, is a form of power; 
its commonly used unit is the watt. 

According to some workers, Radi- 
ation Pyrometry should cover the de- 
sign and use of all “distance” pyrom- 
eters, including those which depend en 
tirely on the human eye and there- 
fore can only be used to measure the 
temperatures of bodies that emit light. 

In practice, the “radiation pyrom- 
are generally understood to be 
those that respond to all wave-lengths 
of radiant flux; and the “optical pyrom- 
eters” those that utilize only narrow 
bands of wave-lengths in the visible 
spectrum. Another simple way of put- 
ting it is to say that radiation pyrom- 
eters are NON-SELECTIVE or TOTAL-RADI- 
ATION instruments; whereas optical py- 
rometers are SELECTIVE. (More about 
this in parts 4 and 5.) What is im- 
portant to bear in mind is that an ideal 
radiation pyrometer in perfect condi- 
tion is a total-radiation receiver which 
converts radiant flux into a thermo- 
Utilized Effect, thereby MEAs- 
the temperature of the source 
upon which it is sighted. Therefore, 
any factor such as dust, dirt, inter- 
vening medium, ete., or any condition 
within the instrument itself, which 
cuts down the radiant flux or makes the 
instrument “selective” (instead of 
“total”) will cause serious errors. 

The radiant flux emitted by an 


eters” 


metric 
URING 


as 


“ideal” body—known as a BLACKBODY— 
is exactly proportional to the fourth 
power of the absolute temperature of 
this body. 

A blackbody is one that absorbs all 

and reflects no portion of—the radi- 
ant flux which falls on it. A piece of 
black velvet, perfectly black to lumi- 
nous flux, may reflect a large portion 
of radiant flux. On the other hand, a 
small opening in the wall of a cold 
furnace is a true blackbody which ab- 
sorbs all the wave-lengths of radiant 
energy as well as all the wave-lengths 
of visible radiation. Conversely, when 
the furnace is hot, such a small open- 
ing radiates as an almost-perfect black- 
body and makes an excellent source 
for radiation-pyrometry purposes. 

When two ordinary bodies—common 
objects—face each other, each radiates 
to the other. The NET transfer of radi- 
ant energy from the hotter body to the 
colder body, per unit of time, is roughly 
proportional to the fourth power of the 
difference in the absolute temperatures 
of the two objects. For two blackbodies 
it is EXACTLY the fourth power. 

This fourth-power relation is known 
as the Stefan-Boltzmann Law. It makes 
possible the accurate measurement of 
temperature when source and receiver 
are both nearly-perfect blackbodies 
(and when the intervening media do 
not absorb an appreciable amount of 
radiant flux). 

Fig. 19 gives quantitative values of 
the rate of thermal-energy radiation 
per unit surface of a blackbody source. 
This rate, known as RADIANCY and 
measured in watts per square centi- 
meter, may be likened to the brightness 
of a luminous source. It is proportional 
to the fourth power of the temperature 
of the radiant source, as is evidenced 
by the slope of the straight line in 
Fig. 19. Thus at 2000 degrees Kelvin 
(2000 C.Abs. or 1727 C.) the radiancy 
is 16 times what it is at 1000 K. (Inci- 
dentally, by converting from Metric to 
English, it is seen that at 2000 K. or 
3141 F., a blackbody radiates nearly 
one horsepower per square inch.) 
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Another phenomenon observed for 
centuries is that the color of an in- 
candescent object changes with its tem- 
perature: “dull red,” “cherry red,” 
“bright red,” “orange,” “straw,” and 
“white hot.” In familiar radio vernac- 
ular: not only does the area under the 
wave-length curve broadcast by a glow- 
ing body increase according to the 
fourth-power law, but the center of 
gravity and the peak of this curve 
both shift toward the shorter wave- 
lengths with increasing temperature. 
The shift is known as Wien’s Distribu- 
tion and Displacement Laws, which 
state: (1) that the radiant energy 
per unit wave-length interval at the 
peak varies as the fifth power of the 
absolute temperature and (2) that this 
maximum-intensity wave-length is in- 
versely proportional to the absolute 
temperature of the blackbody source. 
This is shown graphically in Figs. 20 
and 21, where other numerical conse- 
quences of these laws are lettered-in. 

The shape of the thermal radiation 
curve—the spectral radiancy distribu- 
tion curve—was determined exactly by 
numerous experiments begun more than 
a hundred years ago, but all attempts 
to formulate its equation failed until 
Plank announced in 1900 his quantum 
theory of radiation emission and ab- 
sorption; and not until 1905 to 1915 
did Einstein develop his photon theory 
of radiation and show that quanta were 
not mathematical conveniences but re- 
alities. Experiments proved that radiant 
heat and light are made up of Einstein’s 
photons; and in 1939 Haas announced 
that the photon content of blackbody 
radiation varies as the third power of 
the source temperature. 


2. PRINCIPLES OF INSTRUMENTAL 
MEASUREMENTS 


The foundations of radiation pyrom- 
etry are firmly established; the physical 
constants used in primary-instrument 
calibration are known to the fourth 
decimal. Theoretically, with this ac- 
cumulated knowledge, a blackened-bulb 
thermometer installed in front of a 
furnace peep-hole could be calibrated 
as a radiation pyrometer without de- 
pending on any other pyrometer for 
measuring the furnace temperature at 
each calibration point. Practically, this 
would take a roomful of instruments, a 
month’s time, and perhaps some “guess- 
timating” of properties of materials 
and then the calibration would be made 
worthless if someone pushed the bulb 
slightly out of place or altered any 
other calibration condition. 

Essentially, a radiation pyrometer is 
a simple instrument. See Fig. 22. Its 
functions, however, are to receive an 
exactly-limited continuous sample of 
radiant flux from the source, to focus 
this continuous sample upon the RE- 
CEIVER PROPER (or “sensitive element’’) 
—which is a small blackened body (a 
perfect blackbody being impracticable), 
and to measure the heating effect of the 
radiant flux. These functions are ex- 
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tremely difficult to realize in practice. 
The simplicity of the radiation laws 
and of the basic instrumental principles 
are defeated by the limitations of ge- 
ometry and of the materials available 
for making instruments to be used by 
persons who are not highly-trained ex- 
perimental physicists. Moreover, the 
most serious causes of inaccuracy in 
radiation pyrometry are outside of the 
instruments. The radiant flux sample 
seldom exactly represents the source 
temperature because: (1) actual ma- 
terials do not radiate as blackbodies; 
and (2) media intervene between the 
material sources and the receivers. 


Sources—E ffects of Materials and Sur- 
faces. 

Enclosures and Cavities. — Before 
taking up materials and surfaces, it 
may be well to consider the possibility 
of nullifying most of their effects in 
actual industrial practice. Can the 
ideals be approximated, so that the im- 
perfections of gross matter will not give 
serious trouble? 

Since the most essential condition is 
a blackbody source, every effort should 
be made to approximate it. Although 
this ideal is unattainable when the 
problem is to measure the temperature 
of a surface in the open, it can some- 
times be closely approximated when 
kiln or furnace temperatures are to 
be measured. A_ uniform-temperature 
enclosure emits radiation through a 
small hole as does a blackbody. 

Moreover, there is an easy and gen- 
erally reliable method of determining 
—literally at a glance—the closeness 
to blackbody conditions: If, when view- 
ing a number of objects in the furnace, 


the outlines of these objects are in- 
visible, the radiation will represent the 
temperature. 

The value of this simple test depends on there 
being on the furnace floor two or more objects 
which have widely different emittances and re- 
flectances in the open not only at room temper- 
ature but at red heats. If the objects selected for 
the visual test have been selected by eye, although 
they may have had enormously different reflec- 
tances in the open and at room temperature, 
they may still be unsuitable because even if 
their outlines merge as viewed by eye, there 
might not be complete equilibrium as viewed by 
the ‘eye’ of a total receiver, 

At dull red differences 
actual and an ideal enclosure as 
The higher the temperature, 
the less serious they are, for three reasons: (1) 
of the energy radiated by the source lies 
visible, so that the value of the eye as a 
testing instrument is enhanced 2) the emit- 
tance properties of many actual materials go 
up; (8) the fourth-power relation makes smaller 
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the temperature-measurement errors due to non 


blackbody conditions. Therefore, such encloaures 
as ferrous-materials melting furnaces (2000 to 
s000 F.) make excellent sources, provided only 
that the obvious geometrical requirements (See 
tion 4) are met. The same applies of course 
to high-temperature measurement problems where 
it is possible the inside of an enclosure 
through a relatively small hole—provided that 
the image-size and other such factors are correct, 

Next to eliminating the effects of 
imperfections of material radiators, 
the CLOSED-END TUBE offers a satisfac- 
tory solution of the source problem be- 
cause with proper care its radiating 
properties remain constant. It is suit- 
able for use not only in furnace walls 
but in molten metals. 

When neither an enclosure nor a 
closed-end tube can be used as a source, 
it sometimes is possible to take ad- 
vantage of a DEEP CAVITY in a casting 
or other object whose temperature is 
to be measured. The dimensions of the 
cavity must be at least as large as 
those of the closed-end tube specified 
for a particular radiation pyrometer. 

Importance of Distinguishing Be- 
tween a Type of Material and an 
Actual Specimen and Surface. — Per- 
haps the most inexcusable mistake in 
using a radiation pyrometer is to ac- 
cept uncritically the tabie of emissiv- 
ities furnished with the instrument. 
The resultant errors are relatively 
small when taking the temperatures of 
high-emissivity materials; relatively 
large when sighting low-emissivity ma- 
terials. 

The emissivity given in a table is 
that of a “standard” or “normal” ma 
terial. The corresponding property of 
the surface of an object is EMITTANCE. 
The values of the emittances of various 
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copper objects, for example, differ by 
several hundred percent from the pub- 
lished value of the emissivity of bright 
new copper. 

Without qualification, “emissivity” 
conveys the idea of rays shooting out 
at right angles from a surface. There- 
fore it is further necessary to distin- 
guish between normal and hemispher- 
ical emissivities, for these two proper- 
ties never have the same value for any 
material: only the blackbody obeys the 
cosine law. When the temperature- 
measurement problem is such that the 
surface must be viewed at an acute 
angle, it becomes necessary to apply 
two emittance corrections: that for the 
emittance of the individual surface and 
another correction taken from the curve 
of relative emissivity of the material 
for the angle in question—provided of 
course that the surface of the individual 
body be clean and smooth. 

A corrugated or serrated surface is 
a special problem in itself: it will have 
almost normal emittance when viewed 
from a point so situated that the great- 
er portion of each ridge is normal to the 
line of sight; or—putting it in a dif- 
ferent way-—-its hemispherical emit- 
tance will be a meaningless value be- 
cause of the pseudo-polarization. Some 
machined surfaces are extremely tricky. 

The emittances of irregularly rough 
surfaces differ erratically and unpre- 
dictably from the emissivities of the 
material. Consider for example a honey- 
comb, or any other “surface” which is 
about 90 percent deep holes and 10 per- 
cent outer surface: the composite will 
have emittance properties close to unity 
(blackbody), even if the material has 
a low emissivity and if the outer sur- 
face is highly polished. 

Thus, in the great majority of cases, 
an emittance (total or spectral; normal, 
hemispherical or for a specified angle) 
of an individual surface is greater than 
the corresponding type of emissivity of 
the material. 

The Graybody is one whose spectral 
emissivities are all less than unity and 
all have the same value. In other words, 
the form of its spectral radiancy dis- 
tribution curve (the “color”’) is like 
that of a blackbody but the radiancy 
of the is less than that of a 
blackbody at the same temperature. 
Whence, ease of applying correction 
Graybody conditions are rare 
(not optical) pyrometry. 
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Effects of Atmosphere and Other Inter- 
vening Media 


The Gray Medium.—-Next to the ideal 
intervening medium—a perfect vacuum 

there is another nearly-ideal medium, 
which makes calibration a simple mat- 
ter and does not contribute unsuspected 
sources of errors. The gray medium is 
one that reduces all spectral intensities 
in equal proportion. There are no per- 
fectly gray media in Nature. The gray 
effect is realized by rotating-sector 
(“flicker”) devices or by diaphragms 
or by opaque-mesh screens, but these 
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are not media. Every total-radiation 
pyrometer is to some extent a selective- 
radiation pyrometer in actual use. 
The sharp cutoffs in the ultraviolet 
and in the infrared of the radiation 
from the sun and stars being known to 
every high-school graduate, the impres- 
sion has grown that terrestrial atmos- 
phere errors greatly diminish the use- 
fulness of radiation pyrometers. This 
is not the case. Furnace atmospheres 
are the offenders—not clean air at the 
usual source-to-pyrometer distances of 
several feet or yards. Even in the 
medium-humidity climates of American 
industrial centers, the usefulness of the 
radiation pyrometer, as a type of tem- 
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sorbs more of the radiant flux from ob- 
jects sighted through it. 

Lenses and windows (parts of the 
pyrometer).—Here we consider the ef- 
fects of interposing such media between 
the source and the receiver proper. 
Most media transparent to light cut 
off in the ultraviolet—which matters 
little. They cut off a large portion of 
the infrared—which greatly alters the 
calibration curve. Even a thin mica 
window to keep out dust will affect the 
entire curve. 

Different glasses have greatly differ- 
ent transmission curves. These remain 
constant throughout the life of the 
window unless discoloration flaws de- 
velop. 

The transmission curves of all light- 
transparent media change, however, 
with the temperature of the material— 
the window itself, as distinguished from 
the source temperature. Therefore, 


Fig. 23. Spectral radiancy distribution, peak 
wave-length as unity. Values of constants: 
Sigma and c: 5.673 X 10° '2 watt/ (em.* deg.*) 
ce 14,380 micron deg.; 
b 2884 micron deg.; 
bi 1.302 K 10°* erg/ (cm.” sec. 
deg.*). 
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perature-measuring instrument, is not 
greatly diminished thereby. Allowance 
can be made for the cut-off of infrared 
by CO, CO, and water vapor, and for 
the gray-medium effect of solid parti- 
cles, under the following conditions: 

(1) The proportions of absorbing 
gases, vapors, dust, etc., in the atmos- 
phere between source and receiver must 
all be constant. 

(2) The distance between source and 
receiver must likewise be constant. 

These two conditions are interdepend- 
ent. If any one of the various propor- 
tions of absorbing gases, smoke and 
moisture in the atmosphere is excep- 
tionally high, this particular proportion 
will probably be variable and the total 
atmospheric absorption will not be con- 
stant; errors will be introduced. 

Humidity being generally uncontroll- 
able, it sets a limit to the distance even 
when the atmosphere is otherwise stand- 
ard and clean. Where the humidity 
error tolerance is 1 percent of pyrom- 
eter scale range, for example, the ex- 
treme limit will be (theoretically) about 
a mile in a dry climate and under ten 
feet in a moist climate. 

This distance limit will in any case 
be a complicated exponentional function 
by reason of the Bouguer-Lambert law 
of absorption, plus modifications for 
“haze” which seems to require putting 
both distance and _ particle-concentra- 
tion in the exponent, as in Beer’s law. 

Excessive dust causes errors but, 
being visible, it should simply prevent 
taking readings when present. 

Flames.—When combustion goes on 
in a furnace or kiln, its atmosphere ab- 
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windows should be kept at fairiy con- 
stant temperatures: the variations 
should not exceed 100 F. degrees. 

To summarize: The effect of a fairly 
non-selective medium, or of a number 
of media whose joint effect is fairly 
non-selective, is a “grayish” effect, re- 
ducing the area of the curve without 
seriously altering its form. Tempera- 
ture remains the fourth-root of the 
area under the curve—the fourth-root 
of the reduced area. Selective absorp- 
tion alters the relation in raising the 
power from 4 to a greater exponent. 
Accuracy depends on CONSTANCY. 


3. TYPES OF RADIATION PYROMETERS 

Radiation pyrometers may be classi- 
fied into (1) portable (2) permanently 
installed. A portable pyrometer in use 
is subject to intervening-medium errors, 
also to sources of error arising from 
its own variable temperature. However, 
when this same portable instrument is 
correctly installed, properly sighted 
into a closed-end tube, and otherwise 
subjected to uniform constant condi- 
tions, it seems to become a different 
type of instrument. The writer pro- 
posed in 1939 the following prime di- 
vision: 

1. Hand 

2. Autometric and autographic 
—which means that a pyrometer con- 
sisting as usual of a receiving tube 
and an electrical instrument will be a 
“hand” pyrometer while being used as 
such, on different sources; and it will 
become an autometric or autographic 
pyrometer when properly installed. 
Conversely, an autometric or auto- 








graphic pyrometer will be converted 
into a hand pyrometer when its tube is 
removed from the bracket or other such 
device. 

The important prefix “auto-” sig- 
nifies that the measurement is truly 
automatic, for the source is a part of 
the inner area of the closed end of one 
refractory tube; and the intervening 
medium is presumably a negligible fac- 
tor. Therefore the scale readings are 
trustworthy: the instrument does not 
require a set of emittance correction 
tables or charts. 

By implication, the uncorrected read- 
ings of a hand pyrometer are not trust- 
worthy. This is no fault of the instru- 
ment. 

The endings “-metric” and “-graphic” 
refer to indicators and recorders, re- 
spectively. 

The closed-end refractory tube is an 
essential part of the autometric and 
autographic instruments. A _ recording 
radiation pyrometer, whose radiation- 
receiving cell is installed at the side 
of a conveyor where slabs or billets pass 
from one mill stand to another, may be 
called a “graphic” device, but not auto- 
graphic, unless the emittance proper- 
ties of the surfaces, and the transmis- 
sion properties of the intervening un- 
clean atmosphere, are known to be con- 
stant. 

Another classification is into— 

1. Self-contained pyrometers 

2. Separate-instrument pyrometers 
—which cuts across the dividing lines 
of various other classifications. A self- 
contained pyrometer is an automatic 
pyrometer when attached to a bracket 
and properly sighted into a closed-end 
tube for which it has been calibrated. 
A separate-instrument pyrometer out- 
fit may be provided with a shoulder 
strap and otherwise be portable. When 
not used with its closed-end tube it is 
a hand pyrometer. 

Another important classification has 
to do with the type of radiant flux 
sampling system. This consists of the 
diaphragm, the focusing system, and 
the receiver proper. There are no 
“types” based on forms of diaphragms; 
but there are two classifications based 
on the entire radiation-collecting and 
-focusing systems, as follows: 

I. 1. Fixed-foeus II. 1. Cone 

2. Variable-focus 2. Mirror 
3. Lens 

In practice the cone type is of the 
fixed-focus type; therefore there are 
not six composite types, but only five. 

Note that most of the radiation fall- 
ing upon the receiver proper in the 
cone and mirror types is reflected. 
There is no such thing as a perfect ro- 
flector of all wave-lengths. 

The receiver proper (the “sensitive 
element”) may be of any form. A 
morphological classification of receivers 
is difficult because their form is gov- 
erned by that of the primary element 
of the thermometric system. Thus the 
simplest combination of a receiver and 
thermometer is a tiny bimetallic spiral. 

There is an obvious classification of 
the thermoelectric and bolometric re- 








ceiver types into “open” and .“glass- 
enclosed” or “bulb.” These latter, in 
turn, may be divided into “vacuum” 
and “gas-filled,” also into “glass” and 
“fused silica.” By the same token the 
“open” types can be divided into those 
which are completely open to source 
radiation without intervening lenses or 
windows, and those which are embodied 
in receiving tubes of the lens type (or 
of the mirror type in which there is a 
window). Thus an “open” disk in a 
lens type tube (or in a windowed mir- 
ror type tube) will have certain char- 
acteristics in common with a disk in a 
gas-filled bulb at the focus of a window- 
less mirror type pyrometer tube. One 
of these common characteristics—con- 
vection as a cooling factor—will not be 
shared by the vacuum receiver, which 
is cooled by reradiation and conduction. 
But other details of the design and con- 
struction of the entire units determine 
the speed of response and other time 
characteristics. For example the glass 
bulb may be enclosed in a closely-fitting 
metal case (with a hole for the passage 
of the flux to the disk) in order to make 
the reradiation from the disk less de- 
pendent upon the temperature of the 
outer tube of the assembly. Thus the 
sub-types and varieties multiply them- 
selves as these factors are taken into 
consideration. On the whole, it does 
not seem justifiable to speak of the 
“advantages” and “disadvantages” of 
such interlocked and interdependent 
types, sub-types and varieties. 

The final classification is according 
to the method of measuring the tem- 
perature of the receiver proper. A 
list of possible methods would coincide 
with most of the items in some of the 
tables given in Part 1 of Chapter I. 
In practice, the great majority of sys- 
tems are thermoelectric, but some util- 
ize bolometer receivers in the form of 
blackened metallic ribbons or films serv- 
ing as resistance-thermometry primary 
elements of extremely high sensitivity. 

Pneumatic-thermometry methods, de- 
veloped during the Second World War 
and not yet fully industrialized, deserve 
mention because they make possible 
rapidly-responsive and extremely sen- 
sitive receivers. The utilized effect is 
the change in pressure or volume of a 
small sample of gas resulting imme- 
diately from the change in temperature 
of a blackened membrane. Successful 
military applications suggest that py- 
rometric applications will be useful. 


4. NOTES ON APPLICATIONS 
AND CALIBRATIONS 


The geometry of receiving tubes is 
such that the readings should be inde- 
pendent of the distance from tne source. 

PART 4 

Definition.—Visual optical pyrometry 
is the measurement of high temper- 
atures by eye, 

Implications: (1) “Measurement” not 
only excludes the old art depending on 
the UNAIDED eye of the expert, but im- 
plies the use of instruments yielding 
QUANTITATIVE results on scales cali- 





When a constant-temperature source is avail- 
able, the effects of varying the distance of the 


receiver can be readily determined, Meagure- 
ments at distances greater than the manufac- 
turer's recommendation can be made and gradu- 
ally diminished in steps until the instrument is 
as close as conditions permit, The readings can 
then be taken in the reverse order, and a plot 
of the results will show the best distance. One 
may be sure that the safe distance is not being 
exceeded as long as increasing the distance does 
not decrease the reading 

Another informative series of tests applies only 


to the collecting-lens receivers. The maximum 
permissible working distance will be found to 
vary with the furnace temperature, The reason 
is that the higher the temperature, the wider 
the spectrum and consequently the wider the 


image, because the lens is not “‘achromatic’ for 
total radiation. 

A closed-end refractory tube giving 
nearly-blackbody conditions is recom- 
mended for permanent installations. An 
essential requirement is constancy of 
atmosphere in the tube. Some refrac- 
tory materials are porous to CO and 
CO,. If air purging is impracticable, 
efforts should be made to keep the ab- 
sorption of radiant flux by gases and 
fumes constant. 

A radiation pyrometer can be cali- 
brated against a nearly perfect black- 
body such as a porcelain tube with its 
closed end heated by an electric coil to 
keep the atmosphere pure. The temper- 
ature of this blackbody should be ac- 
curately measured by means of a good 


standard pyrometer. 


The bad reputation of radiation pyrometers 
with regard to response speed is largely due to 
the structure of the receiving tubes, The re- 


ceiver proper may be thinner than tissue paper 
and smaller than a dime, Its INTRINSIC char- 
acteristic time (see Chapter XIT) may be some- 
less than a millisecond, But the tempera- 
which it first attains after a change in 
temperature is not the tempera- 
ture T2 which, calibration conditions, 
represents the source temperature, T2 is the 
BQUILIBRIUM temperature to which the receiver 
finally comes after the much slower heating (or 
cooling) of the nearby surfaces of the relatively 
large and heavy surrounding structure. In some 
designs, after a sudden change in source tem 
perature, the electrical-instrument pointer jumps 
to a new value, drifts back to a ‘‘first equilib 
oscillates, only coming to 
’ after minute 


what 
ture Tl 
sighted-source 
under 


rium,” then slowly 
rest at the ‘final equilibrium 
or longer. 

As with most other industrial instru- 
ments, the important thing in the large 
majority of applications is not so much 
to measure a “true” temperature as to 
be able to reproduce a process temper- 
ature day after day. The radiation re- 
ceivers and their associated electrical 
instruments, as well as the self-con- 
tained industrial radiation pyrometers, 
although not entirely fool-proof, give 
years of satisfactory service if cali- 
brated as frequently as circumstances 


one 


require. 

Above all, keep the collecting lenses 
and mirrors clean and do not subject 
the receiver case (of most designs) to 
temperature fluctuations. 


VISUAL OPTICAL PYROMETRY 


brated against the International Tem- 
perature Scale. (2) “High temper- 
atures” implies sources whose radiant 
flux contains enough luminous flux for 
the Wien and other laws to be utilized. 
(3) “By eye” excludes the autometric 
instruments: these are dealt with in 
Part 5. 
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Fig. 24. The normal visibility curve 


Utilized Laws.—The most important 
thermal-radiation laws have been dealt 
with in Section 1 of Part 3 and need 
not be discussed again in detail. Briefly 
these are: (1) the fourth-power rela- 
tion between temperature and radiant 
flux; (2) the fifth-power maximum-in- 
tensity law; (3) the spectral radiancy 
distribution or displacement law. Op- 
tical pyrometry—or selective-radiation 
pyrometry, or spectral-radiation py- 
rometry—consists mainly in the appli- 
cation of the second and third laws. 
Autometric optical pyrometry is not 
limited as to spectral region* but visual 
optical pyrometry is limited by the 
spectral sensitivity curves of human 
eyes. Since no two individuals have ex- 
actly the same vision, the best visual 
optical pyrometric methods are those 
which eliminate—or minimize—individ- 
ual differences. 

The fifth-power law is the basis of 
various classes of instruments which 
measure the temperature of a source 
by its BRIGHTNESS; the displacement 
law is utilized in various classes of 
COLOR and COLOR-RATIO instruments. 

Extreme Sensitivity.—In all classes 
of instruments the function of the ob- 
server may be likened to that of a null- 
point detector: his eye is only required 
to match two brightnesses, to judge an 
extinction point, etc. The spread of 
null-point determinations by different 
observers—or by one careless observer 

-which would mean serious errors in 
the use of linear-scale-law instruments, 
is of less consequence because of the 
tremendously steep slope of the instru- 
ment scale laws made possible by either 
the brightness-change or the color- 
change effects selected by the instru- 
ment designers in utilizing the radia- 
tion laws. (By the same token, large 
errors may result from small mal- 
adjustments of instrumental internal 
standards, small aging effects, and 
other instrument features.) 

The steepness of these slopes does 
not require an elaborate explanation. 
Even the unaided eye can detect a 
remarkably small increase or decrease 
of the temperature of the coil of an 
electric heater in a darkened room— 
particularly the difference between 
“first visible red” and “dull red.” Keen- 
eyed boys or girls, after about ten min- 
utes for dark-adaptation, can tell the 

*Except in each instrument by the spectral 
sensitivity curve of its receiver; but today the 
number of available materials and methods per- 
mite measuring flux intensity at all wave-lengths, 


even far beyond the limits of the spectra of in- 
terest in pyrometry. 
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difference between 970 F. and 975 F. 
Anyone with normal vision, after an 
hour or so in the dark, can detect the 
30-degree difference between 945 F. 
and 975 F. under such conditions, be- 
cause at 945 F. the coil does not glow 
visibly and at 975 F. its glow can be 
seen by the dark-adapted normal eye. 
(In modern well-illuminated plants the 
first visible red for most individuals is 
somewhat above 1030 F.) The relation 
between brightness change and temper- 
ature change is far more than the fifth 
power and may be said to be infinitely 
great in the threshold region. 

Next, if the knob of the electric 
heater is turned until the coil glows 
bright red (about 1300 F.), and then 
turned up and down slightly, most ob- 
servers will be able to detect changes 
corresponding to 100 F.° (some observ- 
ers, 50 F.° or less). But now these 
changes are of two kinds: 

(1) The brightness of the heating coil 
varies enormously with temperature— 
as the twentieth to twenty-second power 
of the absolute temperature. 

(2) The color of the coil changes— 
from what an average observer might 
call deep red at 1200 F. to what he 
might call bright red at 1400 F. The 
displacement-law shift, from 1200 F. 
to 1400 F., increases the orange content 
of the radiation by a relatively small 
amount in terms of spectral radiant 
flux and by a twenty to thirty times 
greater amount in terms of spectral 
luminous flux because of the eye’s sen- 
sitivity curve. Thus the normal eye 
does perceive a color change. Even this 
visibly-observable color change, how- 
ever, is “great” or “little’ depending 
partly on the observer’s judgment, 
partly on his special training, and 
partly on the room’s illumination. As 
compared to the brightness change, this 
color change ALONE is too small for the 
UNAIDED eye to MEASURE temperatures 
to better than 200 or 250 F., as verified 
by simple tests in bright sunlight or by 
tests in which the brightnesses of 
sources at different temperatures are 
equalized. 

Hence the wide usefulness of the 
various types of MONOCHROMATIC visual 
optical pyrometers which allow only 
red light (usual effective wave-length, 
0.65 micron) to enter the observer’s eye 
and thereby increase the accuracy of 
temperature measurement in two ways: 

First, this eliminates the color-change 
effect and thereby eliminates the factor 
of individual differences in color judg- 
ment or color sensation. Sufferers from 
the various types of color-blindness 
can obtain the same results with mono- 
chromatic visual optical pyrometers as 
do users whose vision conforms closely 
to the International Visibility Curve. 

Second: The only Utilized Effect is 
the variation of a monochromatic in- 
tensity, so that the nature of the meas- 
uring-system receiver does not matter. 
To the eye the only variation is a 
brightness variation; to the blackened 
thermopile or bolometer of an auto- 
metric instrument it is a heating-effect 
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variation. Thus the spectral LUMINOUS 
intensity and the spectral RADIANT in- 
tensity of the source whose temperature 
is measured are the same magnitude to 
the measuring system, whether this 
system be humanly-operated or auto- 
matically-operated. 

Monochromatic Means incorporated 
in visual optical pyrometers may be 
classified into (1) filters and (2) spec- 
troscopic devices. Filters are used in 
portable instruments; they range from 
single sheets of red glass or other ma- 
terials to compound filters consisting 
of two or more sheets transmitting only 
a narrow band of wave-lengths. Spec- 
troscopic arrangements give the highest 
attainable spectral purity; their weight 
and bulk limit their use to laboratory 
pyrometers. 

Comparison Sources.—Great as is its 
variation with temperature, the bright- 
ness is not measured directly by the 
observer’s eye. In using a monochro- 
matic instrument the observer sees in 
his field of view two images (or one or 
two divided images—these are design 
details) and his easy task is to turn 
a knob to adjust one of the two bright- 
nesses until it matches the other—until 
the two or more visible objects disap- 
pear and he sees only a round area of 
uniform brightness.* The Reference 
Standard of the comparison brightness, 
or the Comparison Source as it is also 
called, is the most important component 
of the pyrometer. In some pyrometers 
this source is off to one side and is 
reflected into the field of view by a 
prism, a mirror, or both. In others it 
is an incandescent filament or ribbon 
which cuts across the field of view. 
The external or internal source is usu- 
ally made of tungsten and conforms 
to the rigid specifications elaborately 
developed by the lamp industries’ lab- 
oratories and by the National Bureau 
of Standards. 

In some pyrometer-calibration lab- 
oratories the Primary standard source 
is a high-temperature black-body (such 
as the one described in Bu. of Stds. Re- 
search Paper 325) which utilizes molten 
platinum. Most industrial pyrometer- 


*This ideal is difficult of attainment. The 
classic discussion of this subject is that by Fair- 
child and Hoover (J.0.8.A., vol. 13, p. 635). 
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optical pyrometry. 


calibration departments, however, use 
the Bureau’s secondary standard, which 
is a tungsten-ribbon lamp designed es- 
pecially for calibrating optical pyrom- 
eters. 

Brightness-matching Systems incor- 
porated in monochromatic instruments 
may be roughly divided into (1) photo- 
metric types and (2) disappearing-fila- 
ment types, although some disappearing 
filament types utilize old photometric 
methods in modern embodiments for 
obtaining the match. Before the nine- 
teen-thirties the consensus favored pho- 
tometric methods because the assem- 
blages of electrical components such 
as batteries, rheostats, ammeters, etc., 
(of small-enough bulk and weight) usu- 
ally had a large TOTAL error—which 
commonly became intolerably large af- 
ter months of service. The situation 
gradually altered with the appearance 
of precision miniature components and 
even more so with the appearance of 
new circuits—such as (a) instruments 
incorporating both the usual “working 
lamp” and a periodically-used “master 
lamp”; (b) instruments employing a 
new POTENTIOMETER circuit whereby the 
emf. of a STANDARD CELL becomes the 
periodically-used reference standard; 
(c) numerous other electrical develop- 
ments permitting portable industrial 
pyrometers to utilize electrical features 
previously found only in laboratories. 
Without these recent advances in elec- 
trical instrumentation, the extraordi- 
narily high accuracy of the monochro- 


matic METHOD would not be attainable 
with non-photometric instruments. 

Non-blackbody Objects.—Minimiza- 
tion of instrumental errors in modern 
monochromatic visual optical pyrom- 
etry has made it all the more necessary 
to call attention to errors arising from 
the non-blackbody nature of the various 
objects sighted in practice. 

An extreme example: look through 
your pyrometer at a_ well-illuminated 
sheet of paper; turn the knob to get 
a match; read the TEMPERATURE scale. 

Most readers already know, from tak- 
ing color movies or stills, that this 
reading (obtained with an industrial 
pyrometer) will be fairly close to the 
color temperature of the paper and that 
the special “color temperature meters” 
are designed to give the true color 
temperature. The temperature scales of 
visual optical pyrometers are calibrated 
on the basis that the object whose tem- 
perature is to be measured is a black- 
body. This is realized (or closely ap- 
proximated) ONLY when the object is 
sighted through a small opening in a 
furnace wall and when other conditions 
discussed in Part 3 are met. As in 
total-radiation pyrometry, the common- 
est—and least-suspected—errors stem 
from the difference between the proper- 
ties of the SURFACES sighted and those 
of the MATERIALS listed in tables of 
emissivities. 

In monochromatic visual optical py- 
rometry, these errors are less serious 
than in total-radiation pyrometry. Rea- 
son: scale-law slopes are tnuch more 
than the fourth power of the absolute 
temperature. It must be borne in mind, 
however, that this power varies in- 
versely with temperature. At red-heat 
temperatures (close to the threshold) 
the relation is in the twenties; at 
4437 K. (4164 C. or 7283 F.) it is ex- 
actly the fifth power, because at that 
temperature the maximum-intensity 
wave-length of a blackbody coincides 
with the effective wave-length of the 
red filters. Consequently, the emittance 
errors increase with temperature. 
Rough estimates of emittances may be 
permissible when measuring tempera- 
tures below about 1600 F.; but—as 
shown by Fig. 27—exact knowledge of 
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emittances is necessary above 2500 F. 
For example, if the emittance of a 
surface is 20 percent, the errors will be 
(roughly) : 

True temp., F.: 1500 2500 4000 

Error, about: 200 400 8 900 

Two other points should also be borne 
in mind: (1) spectral emittances at 
0.65 micron may differ from published 
values of total emissivities; and (2) 
emittances of most objects vary with 
temperature. 

Errors due to variability of emit- 
tances can often be minimized by sight- 
ing certain kinds of spots or regions on 
the surfaces of molten materials or 
solid objects, and avoiding others, as 
taught by long-experienced pyrometrists 
in some industries. 

Other Visual Optical Pyrometric Meth- 
ods 

Monochromatic methods stand out in 
relative importance; the others are so 


numerous that space limitations pre- 
vent discussing them in detail. 
Color Pyrometers (several classes 


and many types) ordinarily utilize the 
RATIOS of intensities of any two fre- 
quencies such as blue and red, green 
and red, ete. If perfect colored glasses 
and other media were available, these 
instruments would become more popu- 
lar, for their construction is generally 
simple and some of them are vest-pocket 
size. The color ratio is determined in 
various ways by moving the two filters 
(and sometimes a third “gray” filter) 
in relation to one another. Users must 
not be color-blind. 

The Extinction class belongs both in 
the “brightness” category and in the 
“color” category. 
glass or dyed 


and 


visible 


One popular type comprises a 
screen which 
the intervening 
This screen is denser at one end than 
at the other. The observer back and 
forth until he finds the where 
he barely sees the source 


transmits more blue 


gelatin 
red than 


spectrum 


colors of the 


slides it 


spot (or region) 





An even simpler type in the extinction-wedge 
clase consists of a green wedge the green is 
not spectrally pure, so that a red-hot source can 
be seen through the end, a 
source through the middie, and only a dazziing- 
white source through the 

The simplest type is a 
achromatic wedge—or 
of this irrealizable ideal 


The variable-color-ratio 
and the fixed-color-ratio extinction- 
wedge pyrometers are sometimes 
claimed to have an advantage over 
brightness-matching pyrometers, name- 
ly that corrections for the emittances 
of actual surfaces are negligible in 
their use. This is only a theoretical ad- 
vantage. There are types, however, em- 
bodying a special wedge which is ad- 
justed for emittance, thereby making 
the instruments direct-reading in true 
temperature. 

Line-reversal 


clearer yellow -hot 


denser end 
“gray” or neutral or 


rather an approximation 


material 


pyrometers 


Methods.—All\ of the 
previously-mentioned methods are sub- 
ject to errors if the source emits a line 
spectrum instead of a continuous spec- 
trum, or if it emits a combination, i.e., 
a spectrum with strong lines near the 
effective wave-length of the filters. This 


PART 5 


AUTOMETRIC 


ordinarily-troublesome effect is the very 
one which Féry first utilized for meas- 
uring flame temperatures. A standard 
tungsten-ribbon lamp is viewed through 
the flame and (if the flame itself does 
not contain the desired line-emitting 
elements) table salt is sprinkled in the 
flame; and lamp and flame are viewed 
through a prism at such an angle that 
the well-known yellow sodium line is in 
the middle of the observed part of the 
spectrum. When the lamp temperature 
is higher than the flame temperature, 
the sodium line appears black (as do 
also the fainter lines of elements in 
the flame); conversely these lines ap- 
pear bright; when the lamp temper- 
ature has been adjusted to equal the 
flame temperature, all lines disappear 
and the partial spectrum seen by the 
observer is continuous. The sodium line 
being an extremely strong one—whether 
as a black line or a bright line—it 
permits easy matching. Moreover, the 
non-blackbody correction factor for the 
particular standard lamp is exactly 
known. 


OPTICAL PYROMETRY 


(Selective Physical Receivers) 


The distinction between visual and 
autometric optical pyrometers existed 
long before the advent of electric eyes 
but no one could then foresee the in- 
dustrial usefulness of optical-but-not- 
visual pyrometers. Therefore, the term 
radiation pyrometer denoted an instru- 
ment responding unselectively to the 
total flux, that is to say, to the radi- 
ant flux; and the term optical pyrom- 
eter referred to an instrument aiding 
the human eye to measure the temper- 
ature of a source by the character of 
its luminous flux—which requires selec- 
tive reception. 

Those highly-selective receivers, the 
spectroscopes, had appeared several 
decades before radiation or optical py- 
rometers. In 1886 Langley had invented 
the bolometer and combined it with a 
spectrometer. His spectroradiometer 
might be called the prototype of auto- 
metric optical pyrometers. A modern 
spectroradiometer, with its deviation 
screw clamped to one wave-length, and 
with a direct-deflection instrument in- 
stead of a laboratory galvanometer, 
can be calibrated in degrees of con- 
tinuous-spectrum temperature 
by the application of the Wien laws. 
Its sensitive element or RECEIVER-PROPER 
may be a blackened thermopile or 
lometer which utilizes the heating effect 
of radiant energy as does an ordinary 
radiation pyrometer, but the pyrometer 
cannot be calibrated by the fourth- 
power law, for it is not a total-radiation 
pyrometer but an OPTICAL pyrometer, 
with the narrow spectral selectivity 
that characterizes optical pyrometry. 
As to the word AUTOMETRIC, it connotes 
a continuously-measuring PHYSICAL re- 
ceiver instead of the eye (which is not 
only a psychophysical receiver but can 
only measure intermittently). 

In practice, the heating effect of an 


source 


bo- 


extremely narrow band of wave-lengths 
is so weak that the thermopile or bolom- 
eter output must be greatly amplified 
and extreme precautions taken. The 
cost of the requisite apparatus is not 
objectionable in precision spectrographs 
and automatic curve-drawing spectro- 
photometers, but it makes such instru- 
ments the highest-price pyrometers. 
Hence the scarcity of spectroradiometer 
pyrometers. 

Photoelectric Receivers are the de- 
vices which have made possible the new 
industrial field of autometric optical 
pyrometry. Phototubes and _ photocells 
comprise a rich variety of commercial- 
ly-available models. 

In common with autometric total- 
radiation pyrometers, autometric op- 
tical pyrometers make possible remote 
automatic control], continuous recording 
and other modern developments; and 
likewise require various precautions 
such as water-cooled receiver housings. 

Units with closely-similar spectral 
(and other) responses being commer- 
cially available, the replacement prob- 
lem is minimized by interchangeability. 
Units are available in various shapes 
and sizes. Their “fatigue” and “aging” 
limitations for precision measurements 
utilizing linear effects are almost negli- 
gible in pyrometric use because of the 
higher powers. The milliampere outpuc 
of a typical unit without any mono- 
chromatic filter will vary as the twelfth 
power of the absolute temperature in 
the 2000-to-3000 F. region, because its 
sensitivity curve is both sharp and with 
its peak in the yellow-green. 

Most 
ceivers (phototubes as well as photo- 
cells) yield extremely steep scale laws 
without filters, by reason of their own 
selectivity. 


narrow-curve photoelectric re- 


Low-temperature Optical Pyrometry 
From the simple inverse relation of 
temperature to peak-intensity maxi- 
mum wave-length, it is obvious that an 
optical pyrometer using a 6.5-micron 
effective wave-length (instead of the 
0.65-micron wave-length of monochro- 
matic visual instruments) would have 
a scale-law slope as steep to changes 
in room temperature as the scale law 
of ordinary visual pyrometers is to 
high temperatures. Theoretically, the 
heating effect of a narrow band in the 
6-micron region could be used by an 
instrument with an ultrasensitive ther- 
mopile or bolometer receiver. In prac- 
tice, this is unnecessary because 
temperatures below red heat are suc- 
cessfully measured by the total-radia- 
tion receivers dealt with in Part 3. As 
for using a phototube or photocell, no 
practically-usable element or compound 
has a sufficiently low work function for 
the feeble far-infrared photons to pro- 
duce the photoelectric effect. Several 
types of phototubes and photocells do 
respond in the NEAR infrared and have 
lowered the usual limit of 1000 F. One 
new type deserves individual mention: 
The Lead Sulphide Photocell is a pho- 
toeonductive type developed during the 
Second World War by the (British) 
Admiralty Laboratories. It responds to 
wave-lengths as long as 3.6 microrts 
and the shape of its curve is such that 
this photocell may be considered a 
monochromatic receiver of 1.98-micron 
effective wave-length. Therefore it has 
10,000 + : 
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Fig. 28. Spectral response of an American- 
made lead sulphide cell at two temperatures 
(of the cell itself). Refrigerated housings are 
used for extreme sensitivity. 
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been used successfully for measuring 
blackbody temperatures as low as 
212 F. The limit depends as usual on 
the emittance of the surface whose 
temperature is measured. For an emit- 
tance of 0.3 the lowest measurable 
temperature is about 570 F. (Below 
these limits, the required amplification 
is troublesomely high.) The character- 
istic time of the lead sulphide cell being 
only a few microseconds, it has been 
used to record millisecond-period tem- 
perature variations by feeding its out- 
put to an oscillograph. The cell itself 
being commercially available, it is safe 
to predict that complete pyrometers 
employing it as the receiver will soon 
be on the market. 
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ALNOR THERMO-ANEMOM- 
ETER Here's a compact, direct-reading 
instrument that fills @ long-felt need— 
the accurate measurement of low air 
velocities. With the Alnor Thermo- 
Anemometer you can accurately read 
velocities as low as 5 f.p.m. It can be 
used between 20°F. and 150°F. with- 
out impairing its accuracy. Fine crafts- 
manship, high-quality materials, exact 
calibration, and exhoustive tests com- 
bine to assure you accurate operation 
on a wide variety of applications. 


ALNOR ELECTRONIC TEM- 
PERATURE CONTROLLER 
... is @ simplified form of control- 
ler designed to indicate and regu- 
late automatically the heat of any 
industrial heating device. There 
are no moving mechanical parts 
to wear or cause trouble. Control 
sensitivity is such that pointer 
movement of 0.3% will activate 
the power relay. Available with a 
wide variety of thermocouples 
and in scale range from 0-500 to 
0-3000°F 


ALNOR DEW POINT INDICA- 
TOR .. . for simple, rapid dew point 
reading of any gas. Indication takes 
place in an enclosed observation 
chamber under accurately controlled 
conditions. Dew or fog suspended in 
air—not on mirrored surface—makes 
it easy for two or more observers to 
get same accurate results. The Alnor 
Dewpointer is a complete, self-con- 
tained unit—no external coolant or 
other apparatus is required. Available 
‘7 for dew points from 80° F. to room 
id temperature. 


\> 


air velocity 


ALNOR TYPE 2300 SURFACE PYROMETER . .. sets a new high in precision 
measurement of low surface temperatures. Special design, from Alnico magnet to the 
finest, quick ting th ple, assures failing accuracy .. . speed and 


dependability. This is a self-contained, sturdy unit—easily carried and used any- 
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If your measurement problems involve any 
of these, choose a precision instrument 
from the Alnor line. Unexcelled for unfailing 
accuracy, Alnor instruments have proved 
their superiority in a broad range of lab- 
orctory, production-line and field applica- 
tions. The units shown are but a few from a 
full line of rugged precision instruments 
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that have many unique patented features 
that mean greater accuracy .. . a more 
practical, trouble-free solution to your 
measurement problems. 


Foliow the lead of those who know quality 
best... select Alnor for your laboratory or 
industrial instrumentation. 
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RELAYS ing ; used for high-accuracy temperature con- tors —high-sensitivity temperature controls 
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The new Princo DENSITROL is a rugged and dependable plant pro- 
duction instrument for the continuous measurement of liquid densities, 
incorporating the accuracy and sensitivity of a laboratory instrument. 
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ments of standard makes. Either manual or automatic temperature 
compensation permits accurate use of the DENSITROL on fluid tempera- 
tures up to 200°C. 
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0.005 d. full scale or equivalent. Further information will be forwarded 
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CHAPTER III 
PRESSURE AND VACUUM 
By M. F. BEHAR 
PART 1—GENERAL INSTRUCTIONS, TABLES, ETC. 


1. INTRODUCTORY NOTES 


RESSURE is as universal a proces- 

sing and working condition as 
temperature. Even where it is ordi- 
narily ignored, as on an assembly line, 
it exists in the form of atmospheric 
pressure. The effects of pressure on 
boiling and condensing points, reac- 
tions, process efficiencies, costs, etc., are 
of the utmost importance. 

Recent years have witnessed an 
amazing extension of the industrial 
pressure range in both directions, so 
that ten thousand pounds per square 
inch and a ten-millionth of a pound 
per square inch (expressed otherwise, 
of course) are commonplace working 
pressures, indicated, recorded, and fre- 
quently controlled by every-day instru- 
ments and apparatus. This is mentioned 
in order to call attention to the inter- 
esting fact that the range of pressures 
measurable by instruments is 1015. In 
other words, instruments have been 
developed to measure pressures a thou- 
sand million million times greater than 
pressures which other instruments have 
been designed to measure. 


2. DEFINITIONS, ETC. 


Pressure is exactly defined as force 
applied to, or distributed over, a sur- 
face; and is measured as force per 
unit area. Although other technical 
meanings are sanctioned by general 
dictionaries, engineering terminology 
has purposely reserved other specific 
terms such as “stress,” “load,” 
“weight,” etc., in order to avoid con- 
fusion. 

By a Pressure Instrument is usually 
meant one for the measurement of 
the pressure exerted by a fluid, a qual- 
ifying word or phrase being added 
for the exceptions. Example, a “soil 
pressure” indicator. Most pressure in- 
struments measure a difference be- 
tween two pressures, one usually be- 
ing that of the atmosphere. 

Absolute Pressure is actual total 
pressure, acting on a surface. What- 
ever unit is used, the zero point is 
perfect vacuum. This term is used of 
necessity in engineering work to de- 
note that the atmospheric pressure 
need not be added, or has been added. 
Addition is algebraic: for “a vacuum 
of two inches of mercury,” when the 
corrected barometric reading is 29.9 
inches, the value of the absolute pres- 
sure is 27.9 inches. 

Absolute Pressure Gages are those 
which are not affected by barometric 
pressure in their indications of pres- 
sures to which applied. The simplest 
example is the closed-end U-tube. A 
barometer is an absolute pressure gage 
applied to the atmosphere and there- 
fore measuring only the atmospheric 
pressure. 

Gage Pressure is that which is in- 
dicated by open-end liquid-column 


manometers and by Bourdon and other 
hollow-spring and diaphragm gages. 
In such instruments the measured 
pressure acts on one side, and the 
atmosphere on the other, of the pres- 
sure-responsive element. When such 
gages are not connected, the same 
pressure acts on both sides and they 
read zero: A gage reading zero in the 
open will still read z:ro if placed in- 
side an evacuated vessel. Such gages 
therefore indicate the difference be- 
tween the absolute pressure to which 
they are connected and the atmospheric 
pressure around them. 

These things are familiar; what is some- 
times overlooked is this: Should ‘two pounds 
gage’ be maintained automatically in a piece 
of equipment while the barometric pressure 
is 14 psi, the absolute or actual processing 
pressure will be 16 psi. Should the barometric 
pressure rise or fall, the processing pressure 
will rise or fall correspondingly because the 
pressure-responsive element of the usual auto 
matic device is subjected internally to the 
controlled pressure and externally to the at- 
mospheric pressure. Thus, except for rough 
work or in the case of pressures so high that 
barometric fluctuations are negligible, the cor- 
rected barometer reading must be added when- 
ever the absolute pressure is the condition of 
importance. In many closed systems, however, 
the gage pressure is itself the important factor 
regardless of the barometric pressure. Thus in 
the case of gas to be applied at a pressure of 
4 oz, per sq. in., regulators are of the “gage” 
type and not of the ‘absolute’ type, because 
4-oz. gage pressure is specified. 

The unqualified designation Pressure Gage 
has thus come to refer to instruments which 
measure gage pressure. Some writers, however, 
make it a point to prefix ‘ordinary’ or “com- 


The essential point is to be specific 
not so much when referring to instru- 
ments as when referring to pressures. 
Thus “15-lb. pressure” is ambiguous— 
not because the area is not stated (in 
English-speaking countries the square 
inch is understood) but because, unless 
the context is explanatory, it may mean 
15 psig. or 15 psia., the former having 
a value more than twice that of the 
latter. 

Static Pressure is the force per unit 
area exerted on a wall by adjacent 
fluid which is at rest or which is flow- 
ing parallel to the conduit wall, as at 
A in Fig. 1. Static pressure also exists 
in the midst of a body of fluid at a 
distance from a wall. For fluid at rest, 
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or flowing in a conduit with parallel 
sides of sufficient length to insure 
parallel flow, static pressure is the 
same throughout each horizontal sur- 
face in the midst of the fluid as well 
as at any “static hole” (see Section 8) 
in the wall at this surface. Static 
pressure is also called Line Pressure 
in some branches of technical work. 

Total Pressure or Kinetic Pressure 
is the sum of the static and impact 
pressures, as at B in Fig. 1. It is 
greater than static pressure by an 
amount equivalent to the energy rep- 
resented by the velocity of flow. 

It is exactly defined by the statement that 
frictionless free expansion or isentropic expan- 
sion from fluid at rest with a pressure equal to 
the total pressure, into a region with pressure 
equal to the static pressure, will produce the 
existing velocity. 

Impact Pressure or Velocity Pres- 
sure or Velocity Head is that due to 
the speed of flow. To remove all doubt 
from this concept, it is only necessary 
to think of the familiar manifestation 
in a shallow stream where some of 
the flowing water, on meeting a rock, 
“rises above its own level.” If, instead 
of a rock, a tube bent at right angle 
be held with its horizontal leg sub- 
merged and facing up-stream, the sur- 
face of the water in the tube’s vertical 
leg will stand higher than that of the 
surrounding water. Obviously a pres- 
sure must exist to cause this difference 
of elevation. A useful memory-aid is 
that this velocity head, expressed in 
feet, is independent of the density of 
the fluid. Therefore, for an incompress- 
ible fluid, or for gas or steam flowing 
at low velocities, the Impact Pressure, 
expressed as the height of a column 
of fluid, in feet, is numerically equal 
to the velocity head, V2/2g. The impact 
pressure in Fig. 1 is the velocity head. 

Static and total pressures, as usually 
read, are gage pressures. However, the 
values used more often in engineering 
work—particularly when computation 
is involved—are Absolute Static Pres- 
sures or Absolute Total Pressures, ob- 
tained by adding algebraically the 
barometric pressure and the gage pres- 
sure readings. 


Head is defined as the height of a 
column or body of fluid above a given 
point considered as causing, counteract- 
ing or measuring pressure. So useful 
and convenient is the directness of 
this familiar term that systems of 
pressure units in terms of liquid head 
are employed in many lines of work, 
in preference to systems resting on the 
exact basis of force per area. 

A Head Meter, however, is not a head 
but a fluid meter consisting of (1) a primary 
element through which the stream of fluid 
produces « difference of pressure, and (2) an 
instrument which, responding to this differ 
ential hegd, indicates or records the rate of 
flow, or registers by integration the quantity 
of fluid. Another instrument, or a suitable 
second measuring element in the meter, meas- 
ures the static pressure. Fig. 1 shows the 
pressure measurements involved. 

Differential. Specifically, in fluid 
meter work, the differential head pro- 
duced through a primary device in- 
stalled for the purpose of flow measure- 
ment. Expressed in terms of head of 
the fluid itself, this differential depends 
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only on velocity; expressed in head of 
water or mercury, the differential de- 
pends also on the density of the 
measured fluid. 

Differential Gages. From the above 
it is evident that the simplest U-tube 
may serve to measure fluid flow if it 
is provided with a square-root scale 
instead of the customary even linear 
divisions, and if it is connected to the 
two different sides of a differential 
producer. Some glass U-tubes with 
fittings and accessories, not including 
differential producers, are called “flow- 
meters.” But the distinction may be 
pointed out that whereas the measuring 
instruments of all head meters are dif- 
ferential pressure gages, a differential 
pressure gage, by itself, is not a flow- 
meter. 

Hydrostatic Pressure is that due to 
head of liquid. Its value P at a distance 
h below the surface of a fluid of density 
d is hdg, g being the gravitational 
constant and the same system of units 
being used. 

Pressure Base and Base Pressure. 
Since the actual quantity of any gas 
supplied or utilized varies not only 
with its volume but with its absolute 
pressure and inversely as its absolute 
temperature, a Pressure Base (usually 
expressed in oz. per sq. in.) must be 
specified. Calculations are made by 
adding the pressure base to the at- 
mospheric pressure, the value of which 
must also be specified. 

Critical Pressure is that pressure 
under which a substance may exist 
as a gas in equilibrium with the liquid 
at the Critical Temperature, which is 
that temperature above which a gas 
cannot be liquefied by pressure alone. 

“Solid” Pressures. In some cases as 
with cutting tools, it is not force per 
area but total pressure, or load, which 


TABLE I 


is understood and measured. In other 
cases it is more exactly the Stress, or 
force producing or tending to produce 
deformation in the body measured by 
the force applied per unit area. 

Mano-. This prefix comes from the 
Greek root manos, thin or rare; which 
explains the derivation of manometer 
as meaning exactly an instrument for 
measuring gas pressure. 

Piezo.—Greek for pressure. A piez- 

ometer is a pressure measuring instru- 
ment but this designation is reserved 
for special gages and apparatus. A 
piezometer ring is a ring-shaped pres- 
sure chamber around a straight smooth 
pipe section and communicating there- 
with by a number of uniformly-spaced 
similar holes normal to the conduit wall. 
Piezometry is specifically the measure- 
ment of the compressibility of liquids. 
Piezoelectricity deals particularly with 
those crystals which alter in size and 
shape in electric fields and, conversely, 
develop electrical charges on their faces 
when mechanically strained, so that 
they can be utilized to measure rapidly- 
changing pressures, 
The zero point of ab- 
solute pressure scales. 2. Negative 
pressure, below atmospheric; as “10 
inches of vacuum.” 


Vacuum. 1. 


Viscosity, in its various effects on 
pressure and in pressure instruments, 
may simply be defined as resistance te 
change of form. 


3. PRESSURE UNITS AND,.THEIR 
CONVERSION 

Four systems of units are in use: 

(1) Absolute units of force; 

(2) Gravitational units of force; 

(3) Linear units of liquid head; 

(4) Atmospheres. 

The first and fourth systems being 
seldom employed for industrial pres- 


sure measurements in America, it is 
usual to say that pressure is expressed 
either in weight units per unit area, 
or in liquid head. 

The relation between gravitational 
and absolute units of force hinges en- 
tirely on the value of g, the accelera- 
tion due to gravity. Gravitational units 
are g times absolute units. For English 
units g is substituted in ft. per sec.?, 
hence one pound weight equals, rough- 
ly, 32 poundals. For metric units, sub- 
stituting the value of g in cm. per 
sec.*, one gram weight equals, roughly, 
980 dynes. 

English weight units are used in 
connection with English units of area; 
and the same for Metric. There is no 
necessity for hybrid pressure units 
such as pounds per square meter or 
grams per square inch. The whole 
situation is complicated enough as it is. 

The usual English weight unit is the 
pound. Ounces and tons are less fre- 
quently used, the former in the gas 
industry on account of its convenience. 
The usual English unit of area is the 
square inch, but the square foot is 
sometimes used in engineering. Al- 
ready we have six English pressure 
units; but the pound per square inch 
is used more frequently than all other 
five added together. 

30th the gram and 
are commonly used as 
units, the centigram and decigram 
almost never; both the square centi- 
meter and the square meter as area 
units, especially the former—the square 
millimeter seldom and square decimeter 
almost never. The number of different 
pressure units matters less, conversion 
being simply a matter of shifting the 
decimal point. 

The liquid head system possesses ob- 
vious advantages, but is somewhat 
complicated by the number of linear 


the kilogram 
Metric weight 


PRESSURE UNIT CONVERSION FACTORS to 5 significant figures. 





oz./in.’ tb./ft. 
16.000 144.00 


tb, /in.? 


1.0000 


Pound sq. 1m 


0.0625 1.0000 9.0000 


Ounce /Sq. in 


6.9445 0.11111 1.0000 


x10-8 
2000.0 


Pound /sq ft 
2.8800 

x10? 
2000.0 


a 32000. 
lon /sq. in, 

+." 13.889 222.22 
Lon /sq. ft 


ENGLISH 


3.6127 0.5780 5.2022 
x10-2 


0.43352 


Inch water 30°F 
' 6.9363 62.427 
Foot water 39°F. 
70.727 


0.49116 7.8586 


In mereury 32°F 


14.696 235.14 2116.2 


Normal 


Dy he/sq. cm 


Microbar 


Atm ere 


2.0886 
x10-> 


2.3206 
x10-4 


0.2276 2.0482 


1.4504 
x10 


_ 1.4224 
x10? 
14.224 


Gram /sq. em 


227.58 2048.2 


Kilogram/sq. cm. 


1.4223 0.2276 2.0481 


x10? 
1.4223 


Cm. water at 44°C, = 


22.757 204.81 


Meter water 4°C. = 


METRIC 


1.9337 2.7845 
x10-" 
1.9337 
x10 


Mm. Hg. at 0°C. 0.3094 


Micron Hg. 0°C. = — x10-3 





2.7845 9.6684 


in HO ft.H,0 
27.680 2.3067 2.0360 6.8045 
x10-2 
4.2528 
x10Q-3 


4.7254 
x10-4 


136.09 


ton/ft.* 


7.2000 
x10-2 


ton/in.* in. Hg. 


5.0000 
x10-4 
3.1250 4.5000 
x10" x LO 
3.4723 5.0000 
xl0-® = x 10-4 
1.0000 144.00 


1.7300 0.1442 0.1272 
1.6019 
x10-2 


4613.4 


0.19223 1.4139 
x1Q-2 


55361. 4072.0 


6.9445 1.0000 32.038 28.278 0.9451 


xl0r° 
1.8063 
xl0-° 
2.1676 
xl0-4 
2.4558 
x10-4 


384.45 


7.3554 
x10-2 
0.8826 


2.4582 
x10-3 
2.9499 
x10-2 
3.3421 
x10-2 


2.6011 
x10-3 

3.1213 
x10-2 

3.5363 
x1l0-2 


1.0581 


1.0000 8.3333 
x10-2 
12.000 1.0000 


13.596 1.1330 1.0000 


7.3480 406.79 33.900 29.921 1.0000 


x10-3 
7.2519 
xl0-* 


7.1117 
x10-6 
7.1117 
x10-3 
7.1115 
x10-6 
7.1116 
xl0-4 
9.6684 
xl0Q-6 


9.8692 
x10-! 


9.6784 
x10-4 


0.9678 


1.0443 
x10-° 


1.0241 
x10-3 


1.0241 


4.0147 
xl0-4 


0.3937 


3.3456 
xl0-° 


2.9530 
xh) 


3.2809 
x10-2 
32.809 


2.8959 
x 10-2 


393.71 28.959 


3.2808 
x10-4 


3.2808 


2 8958 
x10-2 
2.8958 


9.6781 
x1l0-4 
9.6781 
x10-2 
1.3158 
xl0-* 
1.3158 
x10-6 


1.0240 
x10-8 


0.1024 


0.3937 
39.370 


3.9370 
xl0-2 
3.9370 
x10’ 


4.4605 
x10-2 
4.4605 
xl0-° 


1.3922 
xl0-3 
1.3922 
x10-6 


0.53525 


5.3525 


x10-9 x10-4 


Ao dyne/cm.’ g/cm. 

5 68947. 70.306 
4309.2 
478.80 
1.3789 


x 108 
9.5760 
xl0e 
2490.8 
29890. 


33864. 


1.0132 
x10° 


1.0000 
980.66 
9.8066 
x10 
980.64 
98064. 
1333.2 


1.3332 1.3595 
x10! 


kg./om.? om.H,.0 m.H,O mm. Hg. 
se 70.308 0.7031 51.715 
x10-2 


uu Hg. 
51715. 
3232.2 


4.3941 4.3941 4.3942 4.3942 3.2322 


x10-8 xl0-4 


4.8824 0.4882 4.8825 0.3591 
xl0-4 xl0-* 


140.61 1.4062 1406.2 1.0343 
x10» x10” 


0.4882 359.13 


1.0343 
x108 


7.1826 
x10 5 


1868.3 


1.4061 
x10 


976.48 0.9765 976.51 9.7651 718.26 


2.5399 2.5399 2.5400 2.5400 1.8683 
xl0-4 x10-2 

ae 30.480 0.3048 22.419 
x10-2 


30.479 22419. 


34.532 4 34.532 0.3453 25.400 25400. 
x10-2 


1.0332 1033.3 10.333 760.00 eg 
x10” 


0.7501 


1033.2 


1.0197 1.0197 1.0197 7.5006 
x10 x10 xl0° x1l0-4 


1.0197 
x10-3 


735.56 


1.0000 9.0010 1.00003 1.00003 "0.7356 
x10-? 


7.3556 
x10 ° 


735.54 


1000.0 1.0000 1000.03 10.0003 735.56 


0.99997 ae = 1.0000 0.0100 0.7355 
xl0- 

9.9997 100.00 1.0000 73.554 
xl0-2 

1.3595 1.3595 1.3595 1.0000 
x10-% x10-2 

1.3595 1.3595 1.3595 0.0010 
rs x10 xl = x10-5 


99.997 73554. 


1.3595 1000.0 


1.0000 




















units, combined with the necessity of 
naming the liquid and, for accurate 
work, of taking into account its tem- 
perature and the value of g at the 
latitude and elevation. 

Fortunately, although liquids other than water 
and mercury are employed in actual manometers, 
only these two are used as measures. But the 
custom of reducing mercury head to the ice- 
point clashes with the obvious impossibility of 
doing so for water head— water columns being 
considered standard, for scientific work, at the 
temperature of maximum density which is 3.9 C, 


or 39 F., and for engineering work at 53 F., 
62.4 Ibs. per cu. ft. with some allowance for 
dissolved air. Reduction to standard conditions 


being only necessary for exact work, the liquid 
head system is deservedly widespread, In Metric 
units, conversion of standard water head to force 
per area is, of course, convenient. 

The absolute unit of force is the 
dyne, and pressures are expressed in 
dynes per sq. cm. in scientific work, 
and also in engineering work on low 
pressures, for which this unit (close 
to 1 micron Hg) is convenient; but the 
dyne per sq. cm. is seldom used in in- 
dustry. The bar the absolute unit 
which would be easiest to work with in 
industry as its value is close to that of 
the normal atmosphere. By definition it 
is equal to one million dynes per sq. cm. 

Lastly, the Normal Atmosphere, an 
international unit. Its value is close 
to one million dynes per cm., 
and since it roughly equals also ten 
meters water head, or 1 kg. per sq. 
cm.—which takes much longer to say 
or write in any language—it is grow- 
ing in acceptance in America, though 
its spread here cannot compare with 
the universality of its employment in 
France (where it originated) and in 
other countries. 

Table I, originally prepared in 1930, 
by the author with the assistance of 
the National Bureau of Standards, 
especially for the first form of this 
Handbook, gives conversion factors 
for sixteen pressure units. 


1s 


sq. 


4. GENERAL CLASSIFICATIONS OF 
PRESSURE-MEASURING INSTRUMENTS 


Classification by Principles Em- 
ployed.—According to the principles 
which they utilize, all pressure-measur- 
ing instruments may be divided into 
two distinct groups: 

(1) the primary manometers, any 
one of which can be constructed and 
calibrated without reference to an- 
other pressure-measuring instrument; 

(2) the secondary instruments, that 
is to say all others, regardless of 
principle, method, range or form. A 
gage belonging to the second class 
can only be calibrated by comparison. 

Another broad classification is: 

(1) Manometers which depend upon 
gravitational forces for their indication 
of the measured pressure, and 

(2) all others. 

“Primary” Manometers—The great 
majority of these instruments take the 
forms of single or multiple glass tubes 
in which a column of liquid is supported 
by the pressure to be measured, the 
determination of which is then a mat- 
ter of measuring the exact height of 
the visible column and applying cor- 





rections when necessary. The result 
is the value of the measured pressure 
in units of liquid head. There are sev- 
eral modifications, including inclined 
tubes, precision manometers, multiple 
and compound-column types, etc. An- 
other class of primary instruments 
takes in the various forms of the closed- 
column or compression manometer, in 
which the measured pressure acts up- 
on a body of gas whose initial volume 
is exactly known and whose reduced 
(or greater) volume can be measured 
exactly. In this ease it is necessary, 
after a considerable change of pres- 
sure, te wait until the temperature of 
the compressed gas falls (or rises) to 
the initial point, or to correct for tem- 
perature differential by Charles’ Law, 
or to use a constant-temperature bath. 
The measurement of pressure is then 
a matter of applying Boyle’s Law. 

The usual form consists essentially of a sturdy 


Hydrogen 
of 


glass tube with a graduated closed end 


because, outside its 


is preferably employed 

departure from Boyle's Law which is easy to 
allow for in the calibration, it behaves as a per- 
fect gas within the range of the manometers 


Mercury is used to transmit the pressure because 
other liquids would absorb and contaminate the 
hydrogen (mercury correction negli 


gible). A portion of the mercury usually 


vapor is 


acts as 


a positive or negative head but this is easy to 
measure and add or subtract. The barometer 
reading is added to obtain gage pressure 


The McLeod Gage is a variant, for 


vacuum work, of the compression 
manometer. 
A sample of the air or gas, whose pressure is 


be measured, is admitted without change of 
into a measuring chamber and 
sealed off by after 

a known pressure (mercury head the 
supply) compresses the air or gas into the grad 
of the 
precautions 


to 
pressure exact 


which 


an 
volume then mereury, 
using same 
uated chamber, 
Temperature the 
original pressure is that fraction of the measured 
final pressure corresponding to the reciprocal of 
the volume ratio, plus or minus a correction for 
departure from Boyle's Law when exact values 
are desired. 


measuring 
observed, 


capillary top 


being 


“Primary” Pressure Gages — The 
usual form consists essentially of a 
vertical cylinder of exactly-known in- 
side diameter into which fits a piston 
which can be precisely loaded. The 
commonest type the dead-weight 
gage tester; another type is the fluid- 
pressure scale. 

Liquid-sealed Bells—This principle 
is likewise “primary” when the pres- 
sure is balanced by weights (usually 
pendulums) and not by springs. In 
some actual industrial instruments, 
however, there enter other factors 
which, though they are in the nature of 
refinements and conveniences, debar 
them from admittance to the scientific 
“primary” group. The same holds true 
with regard to 

“Ring” and “Tilting” Manometers. 
These are primary in principle but 
actually embody construction features 
which, though of distinct industrial val- 
ue, preclude independent calibration. 

“Secondary” Gages-—This designa- 
tion is given here because it is the ac- 
cepted generic name for all pressure 
instruments which require calibration 
by comparison with those of the pri- 
mary group, but we shali not use it 
again outside of this present discussion. 
The fact is that most industrial pres- 
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sure measuring instruments belong to 
this group; and the author is convinced 
that standardization of materials, of 
dimensions, of heat treatments, etc., 
has resulted in the availability of in- 
dividual instruments which can be re- 
lied upon. A brief outline of some of the 
principles employed in “secondary” 
gages now follows: 

Elastic Deformation—Steel, brass, 
bronze, beryllium-copper, and other al- 
loys are mostly employed for pressure- 
balancing springs which may be divided 
into (1) diaphragms, capsular springs, 
etce.; (2) hollow springs such as Bour- 
don tubes and helical tubes which de- 
flect; (8) hollow cylinders provided 
with electrical or optical means of 
greatly magnifying the slight expan- 
sion; and (4) separate springs used in 
connection with “slack” diaphragms, 
bellows, ete., as well as with pistons. 
These separate springs are known as 
“restraining” or “control” “cali- 
brated” springs. 

Other Methods—Electrical resistance 
of conductors such as manganin wires, 
mercury in non-conducting tubes, etc.; 
electrical resistance of some semi-con- 
ductors; electrical conductivity of 
vases; piezoelectric effects in crystals, 
gas viscosity and thermal and electrical 
conductivities (for vacuum work); per- 
manent deformation (in crusher gages 
for explosion maximum pressures) and 
boiling temperature of water (in al- 
timeters) are among the other prin- 
ciples utilizable for pressure measure- 
ments. Some of the instruments will be 
described, with emphasis on the practi- 
cal forms. 

“Null” and “Deflection” —As in other 
fields of measurement, this is an im- 
portant division. See Ch. I, Part 2, 
of the 1951 edition of this book. In 
connection with pressure-measuring in- 
struments, two points may be made 
briefly: (1) It is obvious that the null 
principle is utilized in the simpiest 
glass-tube manometers and that com- 
plications may disturb the balance. (2) 
The accuracy, sensitivity and other 
measuring properties of elastic-mem- 
ber instruments can be improved—im- 
proved greatly in many cases—by ap- 
plication of the null principle in such 
manner that there is practically no 
deflection of the elastic member. The 
main reason for these improvements is 
that hysteresis can be eliminated—or 
at least minimized. This is why the 
FORCE-BALANCE PRINCIPLE finds a grow- 
ing number of applications in the field 
of pressure instrumentation. 


‘ 


5. INDUSTRIAL CLASSIFICATIONS 


LS 


The application is the determining 
factor in the selection of a pressure- 
measuring instrument, as it is in other 
industrial measurements. The most ob- 
vious classification of applications is 
according to the range. With this con- 
sideration in mind, Table II was con- 
ceived and constructed in 1930. 

“Indicating, Telemetering, Recording, 
Controlling” is a familiar functional 
classification. It is, of course, a class- 
ification of entire systems, not of pri- 








mary elements. In view of the rich 
variety of pressure-instrument com- 
ponents available today, the choice of 
particular designs (or particular 
makes) of final elements need not dic- 
tate the selection of undesirable types 
of primary elements. 


This rule is fairly obvious when the 
final elements are physically remote 
from the primary elements. This rule 
holds true also when it does not seem 
obvious; when the primary element and 
the final element are to be close to each 
other inside one housing. 


Speed or Frequency Classifications— 
In practice, speed or frequency classi- 
fications are of interest mainly with 
reference to separate recording sys- 
tems. For example, undistorted rec- 
ords of explosion phenomena ordinarily 
preclude the use of a mechanism such 
as a pen-arm ending in an ink reser- 
voir and writing on paper; and dic- 
tate the use of an optical lever (or 
of a beam of electrons) recording on a 
photographic emulsion. 


However, the primary measuring 
element must be fast enough for the 
intended purpose and so must the in- 
termediate element which converts (for 
example) the deflection of an elastic 
member into a change of air pressure 
(pneumatic telemetering), or into a 
change of voltage, current or frequency 
(electric telemetering), or into a 
change of megacycle frequency (radio 
telemetering). The fastest of all pri- 
mary pressure-responsive elements 
are still in the laboratory stage at the 
time of writing: they are rather com- 
plicated arrays for photographing on 
fast-moving films the molecular, atomic 
and ionic phenomena associated with 
pressure. Almost equally fast, how- 
ever, are some electrical methods. 


Static and Differential—Another im- 
portant industrial distinction is between 
instruments designed for the measure- 
ment of one pressure, and those for 
the measurement of differential heads. 
In the case of the latter instruments, 
an important industrial consideration 
is that such instruments, while measur- 
ing a differential which may be small, 
must at times—and at the same time— 
withstand a high static pressure. 


Variability—Few pressures requiring 
measurement in industry are so steady 
that variations can be ignored in the 
selection of instruments. Most indus- 
trial gages, as a matter of fact, have 
been designed with a knowledge of this, 
and not only withstand the variations 
usually present but give readings which 
are at least reliable if not extremely 
accurate. But some pressures vary 
regularly in cycles; while others fluc- 
tuate irregularly, much or little, rap- 
idly or slowly. For exact measurement, 
then, there must be provided either 
some correct method of damping, or 
some means of obtaining a record. 

The Appearance Factor also emerges 
as a modern criterion in classifying 
pressure instruments. It takes in size, 
shape and mounting, which are not to 
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be ignored when laying out a control 
board, for example; as well as a due 
regard to convenience and human effi- 
ciency—‘“readability,” illumination, etc. 


These practical considerations com- 
pletely overshadow the question of 
whether or not an instrument “can be 
constructed and calibrated without com- 
parison with another pressure measur- 
ing instrument.” The tables in this 


chapter are designed accordingly to 
serve as practical guides by giving the 
characteristics of practical importance. 


6. Liquip COLUMNS—GENERAL 


The principle involved in using liquid 
columns is to oppose the pressure by 
liquid head, which varies not only with 
the height of the column but with two 
principal factors: (1) the variation 


TABLE II—PRESSURE-MEASURING INSTRUMENTS—RANGES OF 
APPLICABILITY OF THE CLASSES AND TYPES 
and a Chart of Orders of Magnitude of Pressure Units 





Notes 
value of the line at its left. 
are ordinarily used. 


which such types can be employed for measurement. 
Lighter portions extend over pressures for which 


of sources of information as to suitability. 


(1) Graphic pressure scale is logarithmic: 
(2) Scales of units extend only over pressures with which they 
(3) Ranges shown opposite types of instruments are those within 


each vertical line denotes ten times the 


Heavy portions indicate agreement 


such suitability (or the availability of instruments) has been questioned. 
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This combination table and chart is the 


Pressure Measurement’ by M. F 


of 1954, see Table III 


one 
Behar. The changes in the 
tensions of a few ranges. did not warrant making a new cut 


published in 1930 as Table IX of 
names of some types, and the ex 
For summarized characteristics as 


originally 





of the density of the liquid with tem- 
perature and (2) the variation of gravi- 
tational force with latitude and eleva- 
tion. These two corrections are nec- 
essary because liquid-head units imply 
standard values of liquid density and 
gravity. In addition, there are needed 
corrections for factors that affect the 
actual measurement: (3) capillarity 
or meniscus and (4) thermal expansion 
of the scale. For high-precision work, 
two more factors are: (5) absorbed 
gases and (6) compressibility. This 
section gives miscellaneous generally- 
applicable data. Mercury and water 
being the liquids on which head units 
are based, these data refer principally 
to mercury and water columns. Sec- 
tion 7 considers the special case of the 
mercurial barometer. 


Temperature Corrections 


For short columns, temperature cor- 
rections are often considered to be neg- 
ligible, except in precision manometers. 
Inasmuch as the graduated metal scale, 
by means of which a liquid column is 
most frequently measured, also expands 
and contracts with temperature chang- 
es, the correction may be for differen- 
tial expansion, whence the origin of 
the expression “Brass Scale,” the stand- 
ard brass scale being correct at 62 F. 
The brass scale correction is included 
in the Weather Bureau barometer-cor- 
rection tables. 


Water Column Corrections—A col- 
umn of pure water exactly ten inches 
high at 68 F. will be 0.017 in. shorter 
at 39 F. and 0.052 in. longer at 100 F. 
At 70 F. it would be only 0.0022 in. 
longer and therefore this temperature 
correction need not be applied in ordi- 
nary work when the water standard is 
60 F. and the column is at ordinary 
room temperature. When reduction to 
the Standard Temperature, 39 F. or 
4 C., is desired, use Table IV (based on 
the mass of 1 cc. of water at 4 C. being 
taken as unity and the absolute density 
in egs. units being obtained by multiply- 
ing the relative density by 0.999973), 
or Table V which gives convenient 
factors. 


Mercury Columns—Table VI gives 
temperature corrections for mercury 
columns up to 32 in. For any mercury 
column an easily remembered short- 
cut is the “Ten Thousand” formula: 
to reduce the column to 32 F., multiply 
the height of the column by the Fahren- 
heit temperature above 32, and divide 
by 10,000; then subtract the result 
from the exactly measured height. 


Other Liquids—Exact work is usually 
done with water or mercury, but other 
manometric liquids are used in many 
applications by reason of low freezing 
points, etc. Their coefficients are given 
in Table XI. 


Gage and Absolute Pressures. 


For pressures below atmospheric, 
and for exact work when gage pres- 
sure is less than, say, 50 psig, absolute 
pressures should always be determined 
by reference to the barometric reading 








| 
CLASS | Optimum 
ie a ’ Range* | racyt (Footnotes explain symbols) 
U-Tube Glass—mercury 0.5-50"Hg | 0.02”|Ga Di Co In Sd Sy Vb 
Glass—water | 0.5-100”"H,O | 0,02”| Ga Di In Sy Vb 
Glass—two-liquid | 0.01-1"H,O | 0.5% | Ga Di Dr In Sy 
Float, electric, etc. | 0.5-50”Hg | 0.05" | Ga Di Co Re RR Sy Vb 
Multiple-tube 10-100’Hg | 0.5% | Abs Ga In Sd Sy 
Single tube Vertical—open top |} 2-100"Hg | 0.02” Ga In Ru Sv Vb 
Compression manom., | vac.-200 psi | 1% | Abs OV In Sy 
Open-cistern vac. gage | 0-30” Hg 0.02” | Abs OV In Sd 
Mercurial barometer | Atmospheric | 0.01” | In Sd 
do., photocell servo Atmospheric | 06.005”; Re RR Sd Sy 
Abs. pressure gage | 0-100”Heg abs.| 0,005" | Abs. OV In Sy 
Inclined-tube | 0-4”H,O 0.005” | Ga OV Dr In Sy 





0.05% | Ga OV In Sy 


| Ga In Ru 





Micromanometer Null method, ete. | 0 001-20” H,0 


Liquid col. & plunger Mercury 50-5000 psi ae 
Weight-loaded piston | Dead weight -100,000 psi | 0, Ga In Ru 8d 
Fluid pressure scale 50-8000 psi | . | Ga In Ru Sd 
Pendulum | 100-8000 psi . | Ga Oo Sd 
Automatic balance 200-1000 psi Ga Co Re RR 
Liquid-sealed bell | Oil sealed |6.1-10"H,O | Ga Dr Di Co Re Sy | 
Mercury sealed ' 6.1-10”"H¢g | Ga Dr Di Co Re Sy 
Tilting Ring, etc. ~ 10.1-10"Hg | 2%|Ga Dr Di Re RR Sy 





Tube-spring _ | Single Bourdon __| 10-30000 pai | 2%|Ga OV Co Re Ra Vb 
| do., elec, trans. 10-3000 psi 2% | Ga OV Re RR Ra Va Vb 
do., pneu, trans, | 10-3000 psi 2% | Ga OV Re RR Ru Va Vb 
j do. “Inspector's” | 10-5000 psi 0.5% | Ga In Sd 
| 2% | Ga Ra Vb Co 
Helical | 5-500 psi | 1.5% | Ga Co Re RR Ru 
Spiral 10-1000 psi | 1.5% | Ga Co Re Ra 
Diaphragm | Unloaded, flat | 1200 pal | +«:1-5% | Ga OV Co Re Ru Va Vb 
(Metallic) ; Unloaded, corrugated | 9.5.50 psi } 2% Ga OV Dr Co Re Va 
| Spring-loaded | 2-200 psi | 1%} Ga OV Co Re Ru Va 
- , strain-ga. trans. 50-1500 psi 1% | Abs Ga OV Di Os RR Vb 


Double Bourdon | 50-800 psi 


Membrane (leather, | Spring-loaded — ~ 10 2-100"H,O| ~~ 1.5% | Ga Dr Di Co Re Sy 
fabric, plastic, do., elec. trans. 10.1 50”H,O 1.5% | Abs Ga Dr Di Re RR Va 
etc.) do., pneu. trans. 0.1-40”"H,O | 1.5% | Ga OV Dr Di Re RR Va 


do., pneu. trans, | vac.-300 psi | 0.5% | Abs Ga OV Dr RR Va Vb 


Bellows | Unloaded 1 100"H,O | 2%|Ga OV Dr Di Co Re RR Sy 
Spring-loaded 0.5-200 pat 2%, Ga OV Dr Co Re RR 

do., elec. trans. 05-50 psi | 1% | Abs Ga OV Di RR Va Vb 
do., pneu. trans. 0.1-100 psi 1% | Abs Ga OV Di RR Va Vb 
Pendulum-loaded 10 200”H,0 2% | Ga OV Dr Co Re Sy 


Capsular spring | Unloaded | t50"HO 3% | Abs Ga OV Di Ru Va Vb 
Aux. spr. loaded 0.5 100 psi | 2% | Abs Ga OV Di Ru Va 

| Null method Atmospheric 0.1% | In Sd 

Aneroid barometer Atmospheric | 0.2% | Re RR 


Electrical Carbon pile, ete. 50-2000 psi 2% \Ga Os Re RR Ru Vb 
Crystals 100-20000 psi 2% | Ga Os Re RR Vb 
Electromagnetic 5-10000 pal 2% | Ga Re RR Ru Va 
Manganin, etc. 1000 atm.up 3% | Ga Os Re RR Ru Vb 





VACUUM _ ~~ MICRONS 
Liquid column (com-| Laboratory McLeod 0.01-2000 In Sd Sy 
pression manom.) Industrial McLeod 0.1-100,000 | Co Re RR Sy 


Viscosity or Strictly lab. types 0,0001-100 | In Sa Sy 

molecular Field (milit. research) | 1-760,000 Co Os Re RR Ru Va 

Industrial 10-760,000 | In RR Ru Sy Va 
Radiometer | Knudsen 0.00011 ~ (hia 
Aluminum vane 0.00001-1 In Sd Sy 
Aluminum leaf 0.1-100 In Sd Sy 
Thermocouple | 1-500 ~| Re RR Va 
Resistance (Pirani) 1-250 | | Re RR Va 
do. semiconductor } 1-1000 | | Re RR Va 
Wire length | 0.01-100 | | Co Va 
Thermionic | 0.00001-10 | | Re RR Va 
do., fluores. indie. 5-2000 |In Va 
| Cold (Philips) 10.01-1000 | | Re RR Ru Va 
| do., glow indic. 0.1-1000 | | In Va Ru 
| 














Conductivity 





Tonization 


i Alpha-particle | 1-10,000 | Re RR Va 
| Go Va Di 


Elastic-member | Unloaded os | 10-10,000° i 





*Not scale range but LIMITS between which the type is preferably employed 
tAverage accuracy of MOST commerciai models. Some types are available in high-precision grades. 
Bold-face type signifies that remark applies to ALL instruments of this type. 
Ttalica signify that remark applies only to SOME instrv-ments of this type. 
Symbols in plain roman type apply tc majority of instruments. 
Abs Suitable for measurement of absolute pressure. 
Preferably used for measurement of gage pressure (above atmospheric). 
Suitable for measuring ordinary vacuum (negative pressure below atmospheric), 
ditto, especially for draft. 
Suitable for measuring differential head, as in flow measurement. 
Contact arrangements or other on-off pickups available for signaling, ete 
Indicating only——No recorders on market. 
Can actuate oscillograph for study of extremely rapid fluctuations. 
Recording models available. 
Remote-reading systems commercially available. 
Rugged construction of primary pressure-sensitive element. 
Suitable for use as Plant Standards. 
For steady pressures only (opposite of Os.). 
Suitable for exact measurement of moderately variable and fluctuating pressures 
Withstand severe vibrations. 





at the time of measurement and eleva- 
tion of apparatus. 


Gravity Correction 


Inasmuch as the attraction between 
the earth and a body of a given mass 
decreases as the square of the distance 
from the center of mass of the earth 
to the c.-m. of the body, any system of 
weights must be based on an accepted 
standard value of the gravitational ac- 
celeration. In pressure measurement 
with instruments that balance pressure 
against gravitation, the particular lo- 
cation—with regard to latitude and to 
elevation above mean geodetic datum 

may have to be allowed for. Table 
VII gives the corrections in terms of 
heights of columns in inches, but the 
same proportional factors may be used 
for any linear units. (The value of g, 
980.665 cm./sec.*, is the internationally 
accepted standard value. The exact 
notation g, is sometimes given to dis- 
tinguish it from g,, which has the 
value of 980.616). 


Meniscus Correction 


This should come first in practice 
because without it the casual “observa- 
tion” is not “the reading” of the col- 


umn, desired in close work. The phe- 
nomena of capillarity are familiar. 
Opposite effects occur when a liquid 
wets a solid as in the case of water 
and clean glass (Fig. 2, a); and when 
a liquid does not wet a solid as in the 
case of mercury and glass (b). The 
curved surfaces are known as menisci. 
A meniscus surface should always be 
read at its center—the bottom in the 
case of water and the top in the case 
of mereury—before applying the cor- 
rection, The rise (water) or depres- 
sion (mercury) is most pronounced in 
the case of small-bore tubes. 

For water and clean glass the rise 
amounts in inches to 0.046/d where d 
is the inside diameter in inches. Thus, 


TABLE VI 


TEMPERATURE CORRECTIONS FOR 


for a tube with an internal diameter of 
0.046 in., the water would stand one 
inch higher than the outside surface. 
It. is commonly believed that this effect 
cancels out entirely in a U-gage, but 
that is true only if the inside diameters 
of the two legs are alike. For example, 
in a U-tube with the diameter of one 
leg % in. plus 0.01 in. and that of the 
other 4 in. minus 0.01, the water stands 
1/16 in. higher in the smaller tube. 
For mercury meniscus and capillarity 
corrections, see Table VIII. 
Capillarity rise or depression becomes 
negligible when the internal diameter 
of a tube is greater than half an inch. 
Thus, for a %-in. tube, the visible 
meniscus height may be divided by 
about 11 to obtain the correction with 


TABLE IV—EFFECT OF TEM- 
PERATURE ON WATER COLUMNS 
Length of 
Density © 
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TABLE V—DENSITY OF WATER AND 
MULTIPLIERS FOR WATER COLUMNS 
Multipliers for reducing 
readings in inches of 
Density of water column to 
water, -b. per In mercury 
Ib. percu. ft q.in at 32 deg. F. 
d /A\72s8) (O OLI7S a) 
03614 0.07354 
03614 0.07354 
O3614 0.07354 
03614 0.07354 
O3613 0.07352 
O3611 0.07350 
03609 0.07348 
03607 0.07344 
03606 0.07341 
03604 0.07337 
03601 0.07331 
03598 0.07325 
03595 0.07320 
03592 0.07314 
O3589 0.07306 


Temp 
deg 


TABLE VII 


MERCURY COLUMNS UP TO 32 INCHES 
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Observed reading of column in inches of mercury 


+0.01 
TABLE VIII 


CORRECTION 


0 


+0.01 


reference to the center surface of the 
meniscus. 


Correction for Different Atmospheric 
Level—The correction given in Table 
X, for exact work as in important 
tests, is for difference between the at- 
mospheric pressure at the level of the 
measured pressure vessel and the at- 
mospheric pressure at the level of a 
gage or open-column manometer in- 
fluenced by atmospheric pressure. 

The correction is found by multiplying the 
value given in the table by the difference in 
elevation in feet, divided by 100. The correc- 
applied to the gage reading as follows: 
reading below atmosphere, and set 
subtract. For a gage read- 
above atmosphere, set at a low elevation; 
For a gage reading above atmosphere, set 


tion 18 
For a gage 
at a low elevation; 
ing 
add 
at a high elevation; subtract. 


Coloring Water Columns—Add a few 
drops of one percent alcoholic solution 
of fluorescein to a liter or quart of 
water. The dilute solution of fluores- 
cein is bright green by reason of its 
fluorescence, although colorless by 
transmitted light. A small quantity of 
aqueous (1%) solution of uranine (the 
sodium salt of fluorescein) may be used 
in place of the alcoholic solution men- 
tioned above. 

If solutions showing color by trans- 
mission are desired, dilute aqueous 
may be made with any of these dyes: 
Dye Color 
Erythrosine 
Eosine ‘ 
Rhodamine B 
Ponceau 2R 
Napthol green 
Methylene green 
Methylene blue 
Methyl violet 


Pink 
Pink fluorescence ) 


Pink 


green 
red fluorescence) 
Scarlet 
Green 
green 
Blue 
Purple 


Bluish 


Carbon bisulphide be colored 
with iodine. 

Alcohol has to be colored when it is 
used against kerosene in sensitive dif- 
ferential-density or two-liquid U-gages. 
A number of anilin dyes insoluble in 


kerosene are on the market. 


may 


Purification of Mercury 


For precision work, the errors caused 
by dirty mercury are relatively enor- 
mous. Mercury must be periodically 
purified when it is not in a hermetic 


OF MERCURY COLUMNS TO 


STANDARD GRAVITY 
Elevation, feet: 
4000 


2000 2000 4000 6000 6000 


26 


Height of column, inches of mercury 
2 2 24 


28 6 24 
0.05 
0.04 
0 03 
0 02 
0.01 
0.00 


0 05 
—0 04 
0.03 
1) 02 
0.01 
+0 01 


0 05 
4) 04 
4) 03 
4) 02 
4.01 
+0.01 


0) 05 
—0.05 
—0 03 

4) 02 

0 01 
—0 00 


4) 06 
4).05 
0.04 
0.03 
0) 01 
4) 00 


MERCURY MENISCUS OR CAPILLARITY 


CORRECTIONS 


Not to be used with barometers, where the meniscus correction is allowed for in the setting of the scale. The 
correction is in inches and is to be added to the reading of a mercury column comprising a single leg and a reservoir 


isto 
Internal 


diameter 
inches 


0.01 


0 024 
0 O11 
0.006 
0 004 


of a4 ae oy area, The table can be used also for a mercury U-tube with legs of different diameters. 
taken at the top of the menacus. 


0 02 


c 
0.047 
0.022 
0.012 
0.008 
0.005 
0.004 


The reading 


Height of meniscus in inches 
0.03 0.04 0.05 0 06 0.07 0.08 
orrection in inches to be added 
0.069 0.092 0.116 
0.033 0.045 0.059 
0.019 0.037 
0.013 0.023 
0.008 0.015 
0.006 0.010 
0.003 0.007 
0.002 0.005 
0.001 0.003 


0.078 
0 047 
0.029 
0.018 
0.012 
0.008 
0.006 
0.004 


0.059 
0.035 
0.022 
0.014 
0.010 
0.006 
0.005 


0.042 
0.026 
0.016 
0.012 
0.007 
0.005 














TABLE IX—AVERAGE ATMOSPHERIC 
PRESSURES AT VARIOUS ALTITUDES 


Altitude, Average atmospheric pressure, 
above sea Inches of Mercury 4b. per 
level feet at 32 deg. F. £q. in, 
Q 29.92 14.70 
1,000 28.85 14.17 
2,000 27.82 13.67 
3,000 26.82 13.17 
4,000 5 12.69 
5,000 12.23 
6,000 11.78 
7,000 11.34 
8,000 10.92 
9,000 10.51 
10,000 10.11 
12,000 9.35 
14,000 8.63 
16,000 7.96 
18,000 7.33 
6.75 





20,000 


BAROMETERS AND 
MEROURY FOR 


CORRECTIONS FOR 


TABLE X 


PRESSURE GAGES, IN INCHES OF 
DECREASE OF ATMOSPHERIC PRESSURE PER 100 
Fr. INCREASE IN ELEVATION 

Mean 

altitude, Mean atmospheric temperature, deg. fahr. 

in feet -—20 0 20 40 60 80 100 
0 0.13 0.12 0.12 0.11 0.11 0.10 0.10 

1000 0.12 6.32 O.21 O12 6.326 0.30 6:26 

2000 0.12 0.11 0.11 0.10 0.10 0.10 0.09 

3000 O.11 O.1L 0.10 0.10 0.10 0.09 0.09 

4000 O11 0.10 0.10 0.10 0.09 6.68 0.08 

5000 0.10 0.10 0.10 0.09 0.09 0.08 0.08 

6000 0.10 0.10 0.09 0.09 0.08 0.08 0.08 

7000 0.10 109 0.09 0.09 0.08 0.08 0.08 
TABLE. XI—MEAN COEFFICIENTS OF 


CUBICAL EXPANSION PER DEG. FAHR. 


OF MANOMETRIC LIQUIDS 

Liquid M.P.,F. Sp. Gr. Mean Coeff. 
Water 32 1.0000 000115 
Mercury 38 13.570 000101 
Acetone ~138 0.792 .00162 
Alcohol (ethyl) 179 0.7939 .000600 
Alcohol-glycol 60 1.0000 .000427 
Benzene (benzol) 42 0.8794 .000687 
n-Butyl Phthalate - 31 1.0477 .000433 
“Ellison Gage Oil” 0.8340 .000466 
Ethylene Glycol 0.8 1.1155 .0003854 
Glycerine 

(glycerol) 64 1.260 .000281 
Kerosene 20 0.820 000480 


enclosure of glass (or other absolutely 
neutral material) which had been thor- 
oughly cleaned. 

Fortunately, even slight contamina- 
tions foul the meniscus, thereby provid- 
ing a warning before the mercury’s 
density has become appreciably altered. 
But the warning must be heeded when 
it appears! 

Four common methods are in vogue 
for purifying dirty mercury: (1) dis- 
tillation, (2) filtration, (3) agitation 
with air, and (4) washing with acid 
or alkali solution. 


7. Liquip COLUMNS—MERCURIAL 
BAROMETRY 


For complete data see the publica- 
tions of the U. S. Weather Bureau 
(especially Circular F, price 15 cents), 
of the National Bureau of Standards, 
of the National Advisory Committee 
of Aeronautics and of military and 
civilian aviation bodies. Data can also 
be found in the Smithsonian Meteor- 
ological Tables, the Smithsonian Physi- 
eal Tables, the International Criticat 
Tables, etc. For an engineering treat- 
ment, see Chapters 1 and 6, Part 2 
Instruments and Apparatus, A.S.M.E. 
Power Test Codes. 

Modern mercurial barometers em- 
body numerous refinements, chiefly de- 
signed to minimize the temperature 
error. Fig. 3 shows an airport barom- 
eter which is thermostated without 
affecting barometric sensitivity. <A 
photoelectric follow-up commands a 


“~s 








cyclometer register, thereby making the 
instrument direct-indicating to the 
thousandth of an inch. 


8. ELIMINATING CONNECTION ERRORS 
—OPENINGS 


When a body of fluid is in motion, the 
location and arrangement of the pres- 
sure opening must be studied carefully. 
The opening should be sufficiently large 
so that there are no large lags in re- 
sponse. Static pressure holes should 
be from %4 to % inch in diameter. The 
character of the conduit in the neigh- 
borhood of the opening should be such 
that the flow is parallel to the wall. 
The hole should be at right angles to 
the wall, and there must be no burrs, 














jagged edges, or extension of the con- 
necting pipe into the stream. 

A static tube is occasionally used to 
obtain the static pressure of a fluid 
at rest or in parallel flow. The tube is 
an L-shaped tube with a closed end 
and a number of holes on each side. 
The short closed-end section is inserted 
into the fluid stream parallel to the 
stream, and the static pressure of the 
fluid is transmitted through the holes 
to the measuring device. 

An impact tube is a tube with an 
open end pointing directly upstream. 
The pressure developed in the tube is 
total pressure—that is, static pressure 
plus the pressure equivalent of velocity 
head. It should be inserted into the 
conduit so that the open end is at a 
distance equal to 0.15 of the conduit 
diameter from the wall. Lengths of 
straight conduit should precede and 
follow the impact tube in order to pre- 
vent wrong-direction errors. 

The foregoing refers to gage-pres- 
sure measurement. For vacuwm meas- 
urement, (1) the connection must be 
as short and large-diameter as practi- 
cable; (2) in order to measure the true 
static pressure when high-speed pumps 
are used, the mouth of the tubulation 
must point at right angle to the direc- 
tion of flow; otherwise—as B. B. Day- 
ton demonstrated—the vacuum gage 





may read too low or too high by as 
much as 30°; (3) the connection must, 
in some cases, include means of trap- 
ping contaminants which might cause 
the vacuum gage to read as much as 
25% too low or 100% too high. 


9, ELIMINATION OF CONNECTION ERRORS 
—CONNECTING LINES 

Any flow in the line connecting the 
pressure opening and the measuring in- 
strument may cause errors in readings. 
Too long a connecting pipe produces lag 
in response. If the pipe is liquid filled, 
dynamic effects may cause enormous 
errors in two ways: (1) at resonance, 
pressure variations may be magnified 
five, or even fifty, times so that the 
chart record will show false spikes; 
(2) conversely, relatively rapid pres- 
sure fluctuations may be attenuated by 
more than 90% so that the oscillogram 
will be almost a straight line. A gas- 
filled connection of relatively large vol- 
ume (which requires considerable in- 
flow and outflow at every pressure 
variation) becomes a source of serious 
error when this in-and-out flow dis- 
turbs the parallel flow in the conduit 
(or in the atmosphere) at the very 
point where it must not be disturbed. 

For gage pressure or differential, 
the connecting pipe should have no 
traps. For air and gas it should slope 
downward from the main to the meas- 
uring instrument; for liquid the con- 
necting pipe should slope upward. Rub- 
ber tubing can be used for low vacuum 
or pressure up to about 20 psi. Copper 
tubing can be used for moderate pres- 
sures. Glass or plastic tubing can be 
used to make liquid or gas pockets vis- 
ible. 

It is essential that the exact contents 
of the pipe be known, whether air, 
liquid, or gas, and that there be no 
pockets. Bleeders can be used to elimi- 
nate pockets. 


10. PLANT STANDARDS 


It is necessary to calibrate all gages 
periodically. The frequency is a matter 
of judgment and experience. The desig- 
nation “Plant Standards” covers gage 
testing and calibration apparatus de- 
signed to serve as accessible reference 
standards. 

Among the plant standards are in- 
struments which can either be used for 
calibrating gages, or themselves serve 
as gages when utmost accuracy is re- 
quired, beyond all doubt. Such instru- 
ments are liquid-column micromanom- 
eters, dead-weight gages and fluid pres- 
sure scales. It important to note 
that even slightly fluctuating pressures 
cannot be measured directly by such 
instruments. Their principal use, there- 
fore, is to test, check and calibrate 
gages. This function is made possible 
by provisions for building up interior 
pressure within the system of the in- 
strument, and holding definite pres- 
sures within narrow limits. For nega- 
tive pressures (below atmospheric), 
liquid columns may serve as plant stand- 
ards if precautions advocated in Sec- 
tion 6 are observed carefully. 


1S 





(a) Test Pumps 

One essential is a pump for creating 
the pressure applied simultaneously to 
the gage under test and to the standard. 
There are on the market several forms 
especially made for this purpose. In 
general they consist of a cylinder down 
which a plunger is forced by a threaded 
piston rod attached to a handwheel. 
(b) Testing Outfits with Precision Com- 
parison-gages 

These well-known outfits consist es- 
sentially of a pump to be connected to 
the gage under test and to a high-grade 
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master or “inspector’s” gage. 


(c) Liquid-column Gage Testers 

Direct comparison with a known 
liquid head is the principle utilized in 
these testers. Liquid columns can be 
used to produce a known gage pressure 
above atmospheric, or a known nega- 
tive pressure or vacuum. In the latter 
case the transmitting medium is rare- 
fied air, so that it makes no difference 
at what level the center of the gage 
under test may be. In the case of low- 
pressure gage testers the head is the 
difference of the two levels of the mer- 
cury (or of the water). Therefore 
it is important to exclude liquid be- 
tween the lower level and the gage 
under test, and to transmit the differ- 
ential by the medium of air. 

Atmospheric pressure is not a factor: 
it acts equally on the open liquid sur- 
face and on the outside of the elastic 
member of the gage under test. 

Mercury should be of the highest 
purity; and water either air-free or of 
known density. Scales and reference 
points should be accurate and should 
be handled carefully when adjustments 
are necessary. Zero-level adjustment 
is provided in the cistern types. 


(d) Dead-weight Gage Testers 

The principle of the dead-weight 
gage tester is the same as that of a 
balance: Gravity, acting on calibrated 
weights, provides the known force. 
This force being exerted on a known 
area, a known pressure exists through- 
out the fluid contained in the system 
(a suitable oil). Extreme accuracy is 
possible but requires several factors 
for its attainment, among them: 

1. Known Piston and Cylinder Di- 
ameters. 

2. Known Weights. 

8. Gravity Corrections. If the weights 
are standardized before being shipped 
to the locality where the tester is to be 
operated, a gravity correction may be 
necessary. For values, see Table V. 
The best procedure is to calibrate the 
weights at the locality itself or nearby. 

4. Buoyancy. Each of the weights 
displaces its volume of air. The weight 
of the displaced air varies inversely 
as barometric pressure. This effect is 
allowed for in precision work only. 


5. Absence of Friction. In the sim- 
pler testers, rotating or oscillating the 
piston eliminates almost entirely the 
friction effects and the friction errors 
of calibration are eliminated by pre- 
scribed methods of gage calibration 


which involve taking “ascending” and 
“descending” readings. 

6. Head of Transmitting Fluid. In 
low-pressure calibration, the difference 
of level between the piston and the 
surface of the oil below the gage has 
an appreciable effect. 


7. Method of Operation. The most 
important thing is to keep the piston 
floating in mid-position, and either 
spinning or oscillating. 

(e) Fluid-pressure Scales 

The principle is similar to that of 
the dead-weight gage. Pressure is built 
up by a screw plunger and is trans- 
mitted hydraulically to the gage under 
test and to the moving piston. This 
piston, however, actuates a scale beam, 
whence the name. 


(f) Pendulum Manometers 

The pendulum-leaded piston gage, 
commonly called pendulum manometer, 
differs from the fluid pressure scale in 
that the load varies as the sine of the 
pendulum’s angle plus constants and 
geometric factors. These are capable 
of exact predetermination so that the 
instrument is theoretically a “primary” 
gage. One advantage of the pendulum 
principle is that the sensitivity (i. e., 
the “unit sensitivity”) automatically 
varies with the order of magnitude of 
the measured pressure. 


11. MEASUREMENT OF FLUCTUATING 
PRESSURE 


For measuring unfluctuating or 
slowly fluctuating pressures, the speed 
of response and other dynamic char- 
acteristics of the pressure-sensitive 
system can usually be ignored. How- 
ever, when measuring rapidly fluctuat- 
ing pressures, the response character- 
istics of the system must be considered. 
The most important characteristics are 
the natural resonant frequency and the 
damping (see Chapter XII). 

The first system component to con- 
sider is the primary element—not the 
entire pickup assembly with its housing 
but, specifically, the parts that are 
deformed or displaced by pressure 
changes.* Ideally, they should be 
weightless in order to be inertialess. 
In practice they are often made rela- 
tively inertialess by being made small. 
But, since pressure is force per area, a 
“point” or “dimensionless” element is 
an absurdity for pressure measurement; 
it must occupy an area; therefore the 
ideal element is two-dimensional. The 
obvious answer is thinness. But—a 
soap-bubble-like diaphragm, even if 
ideally elastic, is so delicate that it can 
only measure extremely smal] pressure 
changes. So, in practice, the solutions 
usually consist in careful choices of 
strong, light, elastic materials for dia- 
phragms, Bourdon tubes, loading 
springs, ete. 

How much primary-element displace- 
ment for ideal recording of rapid fluc- 
tuations and transients? No universal 

*This discussion is limited to elastic-deforma- 
tion elements, including piezoelectric crystals, 


maganin wires, etc. We omit here the dynamic 
response of liquid columns, etc. 


answer; every solution a compromise. 
On the one hand, inflow and outflow 
effects may distort the true picture of 
the fluctuation (or shock-wave, etc.). 
On the other hand, an absolutely rigid 
pickup may likewise alter the phenome- 
non under study (“wall effect,” cavity 
resonance, etc.). 

Force times displacement equals 
woRK. Work is alternately done upon 
and by the moving system. Hence the 
desirability of perfect elasticity and 
frictioniessness in order to achieve 
equality. If the element does not return 
all the energy it stores at every cycle— 
if it absorbs or dissipates energy—the 
true record will be distorted by hyster- 
esis; and the “lost” energy, as heat, 
may alter the calibration and otherwise 
cause trouble. 

Thus, considering only the primary 
element, it sometimes is found that a 
relatively heavy device (say a mag- 
netostriction bar or piezo crystal stack) 
best serves the particular purpose; and 
sometimes a relatively light spring- 
loaded piston that travels a full inch. 

Although the primary pressure-sen- 
sitive element is the first thing to be 
considered, the rest of the system, in- 
cluding the recorder marking mecha- 
nism, can produce errors by being un- 
able to follow the pressure variations 
rapidly and accurately. The effect of 
the resonance of a _ pressure-sensitive 
system is shown in Fig. 4. The small 
high-frequency ‘‘ringing’’ oscillations 
are caused by the natural resonance of 
the system. They can be caused by the 


Fig. 4. “Ringing” of a 
pressure-recording system 
subjected to a rectangu- 
lar pressure impulse. 


primary element, the transmission line, 
the recorder, or any part of the system 
which must respond to the impulse. 

In order to follow a rapid change, 
the pressure-sensitive element must be 
rigid and rigidly connected to the rest 
of the system. As rigid objects and 
systems have high natural frequencies 
of resonance, this is the same as saying 
that the resonant frequency should be 
as high as possible. However, rigid 
elements do not move far. Therefore, 
the sensitivity of rigid primary ele- 
ments is low. Obviously, a compromise 
must be made. In practice, an element 
is used whose natural resonant fre- 
quency is several times the highest im- 
portant frequency to be recorded. 


Damping is used to reduce the un- 
desired oscillations produced by the 
natural resonance. However, damping 
produces a phase lag between the im- 
pulse and the response—that is, damp- 
ing causes the damped element to lag 
behind the driving impulse. Therefore, 
only enough damping is used to mini- 
mize the resonant oscillations without 
introducing excessive phase lag. The 
phase-lagging effect of damping is 
small when the natural resonant fre- 





quency is much higher than the im- 
pulse frequencies. This is another rea- 
son why the dynamic response charac- 


teristic of the system should include 
as high a frequency of natural reso- 
nance as is consistent with sensitivity. 


PART 2—PRESSURE-MEASURING INSTRUMENTS 


1. GRAVITATIONAL—LIQUID COLUMNS 


(a) U-tube Types 

For the measurement of single pres- 
sures with one leg open to atmosphere, 
there are various syphon models with a 
riser longer than the U and connected 
to the top of the pressure leg. Most 
glass tubes are protected. In many 
models the glass bend—a weak spot—is 
done away with and there are robust 
top and bottom headers in the design 
of which considerable ingenuity is dis- 
played. Matched pairs of tubes—same 
internal diameter and uniform bores 
—prevent capillary errors that arise 
from the combination of evenly-gradu- 
ated scales with non-uniform tubes. 
This is especially important in long 
columns. In some of these, the read- 
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ings are taken from a scale the upper 
end of which is attached to a rider 
which slides on the glass tubes and is 
adjusted to the level of the upper col- 
umn (right tube), the lower rider being 
similarly adjusted to the left tube, 
having a vernier which permits read- 
ings to 0.01 in. The difference in the 
column heights can be read directly. In 
some designs, air-bind is eliminated by 
being able to fill the gage through the 
bottom. Venting valves permit removal 
of any air which might become trapped 
at the top. 

Another instrument for hydraulic 
differentials is the inverted U-gage, 
in which the two liquid levels in the 
two legs are the actual levels of the 
liquid measured, instead of being mer- 
cury or another special liquid placed 
in the U-tube itself. The main advan- 
tage is that there is no marcury to be 
blown over and lost. 

An intermediate form of the glass 
U-tube type is the contact manometer, 
used for alarm purposes, or as part of 
automatic flow control systems, in addi- 
tion to its use as a measuring instru- 
ment. 

Replacing glass tubes by metal cham- 
bers, as a step in the complete indus- 
trialization of the U-tube gage, does not 
change its essential measuring func- 
tion; but this alteration is never the 


only one; and the usual result is a 
thorough transformation into the many 
forms of devices commonly known as 
“flowmeter manometers”—which are, 
nevertheless, instruments for measur- 
ing differential pressure. Some of these 
modified U-gages are used for meas- 
uring flow-rate, liquid level, rotational 
speed, angular displacement and other 
variables. 

Before closing the subject of U-tube 
gages, however, it is proper to repeat 
that the U-tube instrument is fre- 
quently used to measure one pressure 
(positive or negative), the other leg 
being open to the atmosphere. For ap- 
plications where a draft or a small 
gage pressure (say, less than 0.5 
psi.) is to be measured, some U-tube 
gages are designed with a float in the 
open leg. The float may actuate a point- 
er, a recording pen, or an electrical 
or pneumatic telemetering transmitter. 


Multiple U-gages—By connecting a 
number of U-tubes in series, one ob- 
tains the equivalent of one U-gage of 
greater length than can be accommo- 
dated in an ordinary building. Mercury 
is generally used, with water in the top 
connections (successive bodies of air 
or gas would compress progressively 
and complicate readings, beside bring- 
ing in greater temperature correc- 
tions). 


(b) Single-tube Types 

Single-tube instruments are not sin- 
gle-column manometers or gages, but 
modifications of the two-column or U- 
gage in which, for the sake of conven- 
ience, one leg is a large reservoir— 
also called a chamber, cistern or well 
—and the other leg is a comparatively 
narrow-bore tube which is graduated. 
The graduations appear on a scale next 
to the tube. The scale is generally 
adjustable up and down, to facilitate 
zero setting. In instruments filled with 
liquids other than water, the scale may 
be compensated for specific gravity as 
well as chamber displacement, to read 
inches of water or other units. Square- 
root scales are provided when the in- 
struments are to measure differentials 
across the primary elements of flow- 
meters. There are three advantages: 
(1) The scales are more open: with 
a cistern having an area 250 times 
that of the tube bore, an ordinary inch 
scale will give direct readings with a 
negligible error without being reset. 
(2) Only one seale to read. (3) The 
reading tube may be inclined to enhance 
sensitivity. 

The single-giass-tube class may be 
divided into two main types—vertical 
tubes and inclined tubes. 

Vertical tube comprises three sub- 
types: (a) manometers, (b) mercurial 
vacuum gages and (c) absolute pres- 
sure gages: 


Mercurial vacuum gages of the open- 
cistern type can be used for close work, 
as in tests. Some have verniers, read- 
ing to 0.001 in., and by using them to- 
gether with the corresponding barom- 
eters, corrections cancel out. 

In the absolute pressure gage, the 
upper end of the glass tube is closed. 
As the tube was exhausted at the fac- 
tory, the mercury rises in the tube when 
atmospheric pressure acts on the res- 
ervoir. Absolute pressure can be read 
directly on the scale. 

The principle of the inclined-tube 
gage is simple, as shown in Fig. 5. If 
the tube in which the liquid rises is 
inclined, the liquid moves a greater 
distance in the tube for the same pres- 
sure change. The inclination of the 
tube shown in Fig. 5 is adjustable. 


(c) Micromanometers 

There are two distinct classes of 
micromanometers: (1) differential- 
liquid gages; (2) single-liquid gages 
equipped with verniers, microscopes, 
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Fig. 6. 














cathetometers and other precision optics 
—or with inductive, capacitive, elec- 
tronic, magnetic and other precision 
pickups. 

Fig. 6 shows one type of differential- 
liquid micromanometer. The liquids 
must, of course, be immiscible as well 
as of different colors because their 
interfaces must be sharp. See Section 
6 of Part 1 for properties of mano- 
metric fluids (from which the reader 
can compute the multiplication factor) 
and for coloring agents. 

Of ready-to-use commercial models, 
mention may be made of a form in 
which one leg of the U is large and 
serves as the regervoir; the other leg 
is of two diameters—medium at the 
bottom and fine at the top. Mercury 
falls a short distance in the reservoir, 
rises a greater distance in the medium 
section and drives oil a still greater 
distance up the fine bore. 

Single-liquid MICROMANOMETERS of 
various forms, most of them originally 
designed in large scientific institutions, 
are commercially available. Their sen- 
sitivity is better than 0.0001 inch of 
water or other liquid. 
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Fig. 7. 


(d) Combination Piston and Liquid 
This type is a liquid-column-loaded 
piston gage, akin to those in the next 
Section that are loaded gravitationally 
(with dead weights, scale beams and 
weights, and pendulums), but no kin 
to the above-described liquid columns 
nor to the spring-loaded piston gages. 
This is a true gravitational instrument. 
There is no appreciable “diaphragm 
effect.” The maximum travel of the 
differential plunger is 0.02 inch. The 
pressure acting under the plunger is 
balanced (within a limit of error com- 
parable to that of other gravitational 
instruments) by the head of mercury 
over the area of the large diameter 
plus a constant value due to the weights 
of the moving parts. Theoretically this 


ype is a “primary standard” which c 
ty - tandard” which can 


be calibrated by itself. It comes in 
ranges up to 25,000 psi., (minimum 
reading from 2 to 4 percent of maxi- 
mum), the diameter of the small plung- 
er varying according to the maximum 
pressure. 
2. GRAVITATIONAL— WEIGHTS 

(a) Weight-loaded Piston. 

Piston gages are divided into weight- 
loaded and spring-loaded. The latter 
come under elastic deformation. The 
former are divided according to the 
method of loading: dead weight, scale 
beam, and pendulum. 

Dead weight gages. — Dead-weight 
testers, such as those described in Sec- 
tion 10 of Part 1, comprise a gage along 
with a pump and other testing features. 
Such gages can be used only for steady 
pressures. Their advantage is high ac- 
curacy. 

Pendulum manometers.—As previous- 
ly mentioned, the pendulum manometer 
is more of a gage than a tester. A 
piston in a manometer tube is sub- 
jected to the pressure to be measured. 
The piston is connected to a weighted 
pendulum so that piston motion causes 
the pendulum weight to be raised or 
lowered to a point where the reaction 
on the piston due to the pendulum’s 
inclination exactly balances the action 
of the fluid pressure on the piston. 

(b) Weight-loaded Diaphragm. 

A diaphragm pressure-element is a 

thin flexible diaphragm of a material 
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such as brass, bronze, leather, or neo- 
prene. The force of the pressure 
against the area of the diaphragm 
causes a deflection of the diaphragm, 
which is resisted by weights on the 
diaphragm. 


(ec) Liquid-sealed Bell Types. 


Most bell-type instruments are used 
for low pressures, positive or negative. 
Most are draft or gas gages. As shown 
in Fig. 7, the air pressure to be meas- 
ured is impressed on the inside of the 
bell through a pipe, causing the bell 
either to rise or sink until an equi- 
librium condition is reached. The bell 
may be counterweighted or pendulum- 
loaded. Because of the relatively large 
area of the bell, the forces are larger 
than in many other types of gages so 
that large indicator pointers can_ be 
driven directly. Two bells connected 
to the ends of a balance beam are used 
for measurement of differential pres- 
sures. 

3. ELASTIC DEFORMATION 
(a) Properties of Springs and Dia- 
phragms 

Fatigue.— Most failures of metal 
parts are caused by the continued repe- 
tition of relatively low stresses. The 
term “fatigue” is used to describe such 
failure. However, there is a stress be- 
low which the metal will not fail no 
matter how often the stress is applied. 
This stress is the “endurance limit.” 
As long as the stress applied is below 
the endurance limit, the metal will not 
fail. It can even be strengthened. 

The endurance limits for steels are 
roughly proportional to the tensile 
strength. However, a softer tougher 
steel often is better than a superhard 
steel. 

Elasticity.—Elasticity is the tendency 
of a body to recover from distortion. 
The usefulness of springs and dia- 
phragms depends on their elasticity. 
Any change of shape or volume of a 
body is called strain. Strain is the re- 
sult of which is the external 
applied force per unit area. Within 
the limit of elasticity, stress is propor- 
tional to strain. This is Hookes’s law. 
The measure, or modulus, of elasticity 
is the ratio of the stress to the ac- 
companying strain. 

Drift, hysteresis, and dynamic duc- 
tility.—Elastic bodies do not recover 
perfectly from distortion because of 
drift, hysteresis and dynamic ductility. 
Drift, or creep, is the increase in the 
deflection of an elastic body when kept 
under constant load. 

When an elastic body is subjected to 
a cyclic type of stress, the deformation 
in one direction is not exactly like that 
in the other direction. For example, 
when a spring is extended by a 2-lb. 
weight and then by a second added 
2-lb. weight, it is found that when the 
second 2-lb. weight is removed, the 
spring extension is not the same as 
when the first 2-lb. weight was used. 
This phenomenon is called hysteresis. 

Ductility is the property of a meal 


stress, 


to be drawn out into a thin wire. When 
a spring is operating in a cyclic manner 
it changes shape and characteristics 
over the cycle because of dynamic duc- 
tility and damping capacity. 

(b) Spring-loaded Pistons 


Best-known example of this large 
class is the engine “indicator” (which 
is a recorder). It has reached a high 
state of development and is available 
in many types—some producing pres- 
sure-time records instead of the pres- 
sure-displacement “card”; some utiliz- 
ing null methods and _ point-by-point 
cycles; some recording maximum pres- 
sures only; some recording mean pres- 
sure; ete. The old familiar pencil or 
stylus has been supplemented by other 
recording means and media, including 
the optical lever recording on moving 
film. Most spring-loaded piston instru- 
ments are self-contained and ready-to- 
use; most can be calibrated statically— 
which is not true of some other classes 
of pressure-transient recorders. Below 
its frequency limit and above its low- 
range limit, each instrument is a high- 
fidelity recorder. 

Other Spring-type 


Bourdon and 


Tubes 

The tube-spring, or pressure-spring, 
gage is the most widely used. A typical 
indicating Bourdon gage is shown in 
Fig. 8. The pressure spring is a hollow 
curved tube of bronze (for use to 600 
psi.), beryllium-copper (for use to 10,- 
000 psi.), or alloy steel (for use to 
10,000 psi. and above). 

In addition to Bourdon tubes, pres- 
sure-spring gages use spiral and helix 
pressure tubes. Their mechanisms 
(toothed pinion as in Fig. 8, or other 
type) are usually provided with ad- 
justments. 


(c) 


Diaphragm, Bellows, Membrane 
and Capsular Types 

Diaphragms are thin flexible plates— 
flat or corrugated. Their deflection can 
be opposed by the spring qualities of 
the diaphragm alone, or by a spring. 
As the diaphragm cannot be too large, 
the defiection of the center of the dia- 
phragm cannot be large. Therefore, 
the mechanism usually provides a large 
multiplication factor (see Fig. 9). A 
corrugated diaphragm provides larger 


(d) 
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motion, but is more erratic in response. 
However, for low pressures below 10 
psi., the diaphragm gage is generally 
considered to be superior to the Bour- 
don form. Greater care is required 
in calibrating diaphragm gages than 
Bourdon gages. 

Bellows gages are used commonly 
for pressures or vacuums from a few 
inches of water to 100 psi. They are 
made in a variety of forms. The pres- 
sure generally is applied to one side 
of the bellows, and a spring is used 
on the other to oppose the motion of 
the bellows. The pressure range of the 
gage is determined by the effective 
area of the bellows and the spring 
gradient. Bellows are usually made 
of phosphor bronze or brass. 

A pair of matched bellows (equal- 
area, etc.) is used in various designs 
for measuring (1) absolute pressure or 
(2) differentials; one advantage being 
that the link is in the open atmosphere, 
that its motion can be transmitted 
to a pen-arm or other member without 
need of a stuffing box or other through- 
wall coupling. 


sO 


Spring-loaded membranes.—A mem- 
brane is a SLACK diaphragm, which ab- 
sorbs no energy (theoretically) and 
transmits the force of the draft or 
pressure to a calibrated member that 
measures the force by the deflection. 
Diaphragm gages are made for pres- 
sures up to 300 psig. and above. They 
are used also in draft gages. Phosphor- 
bronze cantilever springs are used in 
many slack-membrane gages. 

Capsular-spring gages.—lIn this class 
of pressure instruments there are two 
sub-classes: (1) the instruments de- 
pending on the deflection of a capsular 
spring, double-diaphragm, etc., without 
external spring; and (2) those em- 
bodying a flexible box or capsule, whose 
motion is restrained by a _ separate 
carefully calibrated spring. 

Another division of this class is into 
(1) instruments embodying an EVACU- 
ATED thin-walled vessel; (2) those in 
which the measured pressure is ap- 
plied INSIDE the capsule; and (3) those 
of similar general design but capable of 
measuring DIFFERENTIALS across flow- 
meter primary elements, so that atmos- 
pherie pressure acts neither inside the 
capsule nor directly on its exterior. 

Fig. 10 shows an aneroid box instru- 
ment with restraining spring—that is 
to say a barometer—though the par- 
ticular instrument shown is an aircraft 
altimeter. 

Aneroid and 


barometers altimeters, 


best-known of the evacuated capsular- 
spring gages, have reached a high state 
of perfection. Because of the confidence 
in which they are held (especially when 
of “famous make’”’) it is well to quote 
Dr. W. G. Brombacher of the National 
Bureau of Standards: 

“Aneroid barometers 
may have errors in indication which 
for convenience are broken down into 
the following: a) seale errors, b) hys- 
teresis, c) drift, d) zero shift, e) tem- 
perature errors, f) position error, g) 
friction effects, h) vibration effects, and 
i) dynamic performance.” 

If the instrument is a high-grade one 
in good condition, none of these is seri- 
ous except the last, which pilots usually 
call “lag” and which is a source of dan- 
ger because it may suddenly become 
worse by reason of one of the preceding 
causes of error. In the early years of 
commercial aviation, crashes in 
foggy weather were caused by poor 
dynamic performance of altimeters. 


and altimeters 


some 


4. ELECTRICAL 


One must distinguish between electri- 
cal methods of measuring pressure and 
“electrical” pickups or transmitters. 
The true electrical methods are those 
which utilize an electrical effect of 
pressure, that is to say, of force per 
area—NOT OF FORCE, NOR OF MEASURING- 
MEMBER DEFLECTION.* They were listed 
under “Classifications” (in Section 4 of 
Part 1). They may be classified also as: 

(1) The change in some electrical 
property of a solid conductor or semi- 
conductor subjected to external pres- 
sure; 

(2) The change in some electrical 
property of a fluid—a gas or a liquid— 
as its own pressure varies. 

Theoretically, one could use a number 
of electrostatic and electromagnetic ef- 
fects of pressure, each multiplied by 
the number of available elements, al- 
loys and mixtures. Practically, only a 
few effects are utilizable in commer- 
cially-available instrumeats: 


(a) Resistance or Conductance of Solids 
and Liquids 


Two distinct types of primary ele- 
ments of instruments deserve mention 
as fully industrialized: 

1. Special-alloy Wires.—For 


more 


*All these methods could be called piezoelectric 
but this particular combination of two Greek 
roots was reserved by the brothers Curie in 1881 
for one category only. 


Fig. 10. Aircraft alti- 
meter. The spiral 
spring (lower right) 
takes up backlash; the 
measuring spring is 
the heavy cantilever 
spring at upper left. 
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than half a century, the increase in re 
sistance of various kinds of wires (or 
of mercury in non-conducting tubes) 
has been used in laboratories to meas- 
ure high pressures, each scientist solv- 
ing his own installation problems. Since 
about 1949 there have been available 
easily-installed “cells” in which manga- 
nin coils are sealed and isolated by a 
flexible thimble filled with non-conduct- 
ing fluid. The outside diameter is about 
4 inches and a typical length is about 
16 inches. Calibrated “cells” are avail- 
able in ranges from 0-30,000 psi. to 0- 
200,000 psi. Sensitivity is reported as 
“within 25 psi. in 100,000 psi.” Since 
about 1952, calibrated “cells” using 
gold-chromium alloy wires have been 
available in. ranges to 150,000 psi. 

The pressure coefficient of this alloy is about 
half that of manganin but its temperature co- 
efficient is one-fifth to one-fortieth that of man- 
ganin 

2. Carbon, ete.—This type comprises 
two sub-types: (1) Various forms of 
slack-wall bulbs, capsules or chambers 
filled with a weakly-compacted mass of 
tiny spheres or granules of carbon, 
graphite, etc. In this sub-type, the vol- 
ume resistivity of the granular air-and- 
solid primary element decreases with 
increasing pressure and consequent in- 
creases in number of contacting sur- 
faces and in total contact area; the 
flexible wall or diaphragm serves only 
as a seal and plays no part in measur- 
ing pressure. (2) Various forms of 
stacks or piles of disks or of rectangu- 
lar plates, compressed axially by ex- 
ternai pressure on a fluid-sealing slack 
diaphragm which plays no part in meas- 
uring pressure. This sub-type, too, is 
a truly electrical pressure-measuring 
instrument because the elastic stack it 
self is the calibrated “spring.” Both 
these sub-types are successfully used 
for measuring rapidly-fluctuating pres- 
(Devices in which the stack 
merely converts into an electrical 
change the deflection of a calibrated 
spring belong to the Elastic Deforma- 
tion class: they do not use an electrical 
method of pressure measurement.) 


sures, 





(b) Conductivity of Fluide. 


The electrical conductivity of a gas 
depends on the number of ions per unit 
volume and thus provides a truly elec- 
trical (or electro-ionic) method of pres- 
sure measurement. Since this method is 
useful only at low pressures, the in- 
struments are vacuum gages (described 
in Part 3). The electrical conductivity 
of some electrolytic solutions (e.g. cop- 
per sulphate) varies with pressure. The 
effect is practically instantaneous—an 
advantage—but polarization and tem- 
perature errors limit the usefulness of 
this method; and no widely-applicable 
pickup has yet made its appearance on 
the market. 


(c) Luminous Discharge 


Another type using a truly electrical 
(specifically electro-ionic or electronic) 
method of pressure measurement is the 
glow-discharge vacuum gage (Part 3). 


(d) Piezoelectricity 


Several natural and synthetic crys- 
tals with asymmetrical structures, when 
sandwiched between electrodes, produce 
a potential difference across the plates 
when dimensionally changed by a me- 
chanical force. This potential difference 
is proportional to the deformation, 
which (up to the elastic limit) is exact- 
ly proportional to the force. Therefore, 
piezoelectric crystals make ideal “fa- 
tigueless springs,” but only when main- 
tained at constant temperature and (for 
most materials) only when protected 
from moisture, chemicals, fumes, ete. 
Because of leakage of charge, it is ex- 
tremely difficult to use piezo units for 
measuring steady pressures or slowly- 
varying pressures. 

Piezoelectric crystal units are manu- 
factured in many hundreds of sizes and 
shapes. Most units consist of two or 
more slabs, with the electrodes con- 
nected in series or in parallel. The 
great majority are purposely designed 
to be unidirectional so that squeezing 
at a right angle to the sensitive axis 
will produce no voltage change. The 
most obvious way of using such piezo- 
electric crystal assemblies for pressure 
measurement is in rigid chambers with 
one end consisting of a fluid-sealing 
diaphragm that merely transmits the 
pressure without playing a part in its 
measurement. For omni-directional (al- 
so called non-directional) response, the 
preferred material is tourmaline, which 
is volumetrically or hydrostatically sen- 
sitive. Or else, a stack is used in which 
the expansions and contractions in the 
lengths, the breadths and the thick- 
nesses of the individual crystal slabs do 
not cancel out. Such a stack (known as 
a “volume expander”), in a_ rubber 
housing with oil filling, is widely used 
in under-water applications where sen- 
sitivity to relatively small pressure 
changes must be accompanied by abil- 
ity to withstand the pressure of shocks 
from explosions. In various other pick- 
ups the pressure-measuring “springs” 
are “bender” and “twister” forms of 
crystal pairs. 

All such pickups are true electrical 


68 


pressure-measuring elements rather 
than electrical transmitters of meas- 
urements performed by elastic dia- 
phragms. 

Piezoelectric pickups are used suc- 
cessfully to measure low absolute pres- 
sures in vacuum applications (the low 
limit receding year by year with refined 
oscillating-plate techniques); and also 
to measure high pressures in some ord- 
nance applications (highest pressures 
undisclosed). The voltage outputs of 
the pickups range from millivolts to 
thousands of volts; the circuits have 
grown in number and variety; as have 
also the electrical and electronic indi- 
cators, recorders and controllers and 
their accessories such as amplifiers. The 
“classical” method of measuring d-c. 
voltage (good only for one rapid in- 
crease of pressure) has given way to 
a-c. techniques, such as oscillography 
and measuring frequency changes 
caused by pressure changes. This lat- 
ter method is becoming widely used be- 
cause frequency changes can be meas- 
ured to an accuracy of one part in tens 
of millions. 


(e) Magnetostrictive 


Rods made of some ferromagnetic 
metals and alloys exhibit dimensional 
changes when subjected to longitudinal 
magnetic fields. The response being 
extremely rapid (microseconds), most 
commercial units are used as vibration 
generators. The converse effect (influ- 
encing a magnetic field when the bar 
is stretched or compressed) is used for 
pressure measurement somewhat as the 
converse piezoelectric effect is used, but 
with the important difference that a 
magnetostriction load-measuring 
“spring” must comprise not only the 
rod but the associated magnetic struc- 
ture. Hence the relatively small number 
of assemblies designed for measuring 
pressure. Their principal advantage is 
high fidelity in recording pressure fluc- 
tuations. 


(f) Electrokinetic 


The electrokinetic method is the new- 
est purely electrical method of measur- 
ing pressure although the utilized ef- 
fect (the streaming-potential phenome- 
non’”’) was discovered in 1859. This ef- 
fect is similar to piezoelectricity and 
magnetostriction in that a change of 
pressure produces an electrical change; 
but it differs in that it involves the 
minute FLOW of a polar liquid into and 
out of the opposite faces of a porous- 
material partition. (Hence the name: 
for kinetic means motional.) The pre- 
ferred orientation of polar molecules at 
the two interfaces results in a potential 
difference which is a function of the 
pressure difference and whose sign 
changes with the direction of the pres- 
sure difference. Thus, the electrokinetic 
method cannot be used for the measure- 
ment of steady pressures. It is finding 
applications for recording pressure fluc- 
tuations. The upper and lower fre- 
quency limits are set by the geometry 
and size (and consequent inertial con- 
stants) of each pressure pickup. 


5. ELECTRICAL TRANSMISSION 


The great majority of pressure meas- 
uring systems called “electrical” are 
systems in which the pressure measure- 
ment is performed mechanically (by a 
gravitational means such as a liquid 
column, by an elastic member, etc.) and 
in which an electrical device converts 
a change of level or of deflection into a 
change of current or voltage or fre- 
quency for convenient transmission over 
wires or by radio. The numerous types 
and varieties fall into mutually-exclus- 
ive classes somewhat like the methods 
described in the preceding Parts. Most 
of the electrical transmitters are elec- 
trical kinetic prime relays or “electrical 
micrometers” of the resistive, capacitive 
or inductive types. Their general char- 
acteristics are dealt with in Part 5 of 
Ch. I of the 1951 edition of this book; 
the following pertains to their pressure 
uses. 


(a) Resistive 


Electrically, resistance-type trans- 
mitters can be classified simply into: 
(1) variable resistance; (2) resistance- 
ratio. But see “III” below. 

Structurally, resistance-type trans- 
mitters can be conveniently classified 
according to the pressure-measuring 
devices with which they are associated: 
(1) Mercury-column devices, (2) Elas- 
tic-deformation devices. Of their com- 
parative characteristics, the principal 
ones are as follows: 


Suitable for Operation 
dynamic is 
meas’m'ts frictionless 
No Yes 
Yes No 


Mercury 
Elastic 

(1) For mercury levels the two prin- 
cipal forms of resistance-type trans- 
mitters are: 

(i) Axial wires. These are almost 
always platinum, of uniform diameter, 
etc., with output exactly proportional to 
level; but some “shaped” resistors are 
also available. For single columns the 
simplest arrangement is one variable- 
resistance wire as in Fig. 11A. For dif- 
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ferential pressure measured by a U- 
tube manometer, the bridge-arm ar- 
rangement shown in Fig. 11B has ob- 
vious advantages in minimizing errors 
and improving sensitivity. 

(ii) Multiple contact arrangements. 
These are not continuously-variable but 
step-variable. They are employed in 
well-known industrial manometers in 
which the number of steps is large 
enough to assure the required sensitiv- 





ity and accuracy. One advantage is the 
possibility of exact “shaping,” as in 
Fig. 12 which shows an arrangement 
whereby the electrical output is the 
square root of the differential pressure. 
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Fig. 12 


(2) For elastic-deformation pressure- 
measuring devices, resistance-type 
transmitters are available in hundreds 
of forms and may be classified in many 
ways. The following set of five classi: 
fications was made up especially for 
this chapter on pressure: 

I 

1. Actuated by force, with little displacement; 
2. Actuated by displacement, with friction mini- 
mized in various ways. 

IT 

1. Continuously-variable; 2. Step-by-step. 
Note: wiping a wire-wound resistor is considered 
@ continuous action. 

III 

1. Simple rheostat; 2. One resistor connected 
as a voltage divider (‘‘pot’’); 3. Two separate 
resistors, usually for bridge-arm function; 4. 
Full bridge arrangement with all four arms 
active. 

IV 

1. Can only measure steady or slowly-varying 
pressures; 2. Suitable for recording fluctuations 
and transients. 

Vv 

1, Liquid resistors; 2. Granular materials; 3, 
Solid resistors, subdivided into wires, coatings 
etc. 

The author urges readers to refer to 
these classifications when about to make 
decisions. Here is why: Up to about 
1946 or ’48 most resistive transmitters 
were attached to previously-designed 
Bourdon-tube gages, bellows gages, etc. 
Now there are many ready-to-use re- 
sistive pickups which look much alike 
on the outside but which vary enor- 
mously in zero stability, ambient-tem- 
perature range, resistance to mechani- 
cal shocks on housing and to over- 
pressures on deflecting member, etc. 
Since these pickups vary enormously in 
price, the study of classifications will 
not be a loss of time. 

At present, two forms of resistive 
pickups probably outnumber all others 
(and probably will for several years to 
come). Both belong to II-1, IV-2 and 
V-3. They are the resistor-wiping type 
(commonly called “potentiometer”) and 
the “strain gage’ type. 

Resistor-wiping pickups were inex- 
pensive and rather unreliable up to 
recent years. Now aircraft and missile 
applications cal) for light weight, smal] 
size and hermetic sealing, in addition to 


accuracy. Friction has been minimized 
but it remains a limitation where small- 
area diaphragms must be used. 

Most strain-gage-type pressure pick- 
ups use strain-sensitive wires, but a 
trend toward the use of strain-sensi- 
tive resistive coatings seems to be grow- 
in. The numerous varieties of wire- 
resistance pickups divide themselves 
into two mutually-exclusive categories: 
(1) Bonded-wire, (2) Unbonded-wire. 


Fig. 13A 


(left) 


TENSION on all four wires during manu- 
facture, so that there always is some 
residual tension on the pair that short- 
ens while the other pair lengthens. Vari- 
ous mechanical arrangements multiply 
or reduce the deflection of the elastic 
member, as may be required. Multipli- 


and Fig. 


13B (right) show, respective- 


ly, low 


and_ high-pressure 


pickups utilizing resistance- 
wire transmissions. The lat- 


ter 
sated and 


is temperature compen- 
suitable for 


dynamic measurements to 
20,000 eps. 
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Bonded-wire strain gages had proved 
useful before World War II in the test- 
ing of materials, of parts and of struc- 
tures; and they were adapted to meas- 
uring the deformation of elastic mem- 
bers—particularly of the small elastic 
members used in studying rapid fluctu- 
ations and single transients. Their most 
obvious advantages* stem from their 
“postage-stamp” method of application 
to optimal locations on curved as well 
as flat surfaces, on opposite sides of 
bending members, etc.; and from their 
small size which enables them to trans- 
mit deformations of thousandths of an 
inch. Temperature errors are low nowa- 
days, since the introduction of various 
copper-nickel alloys. Moisture, of 
course, ruins unsealed assemblies. Elec- 
trical output is usually linear because 
the pressure-measuring members them- 
selves must not be stressed beyond their 
own elastic limits; but in many cases 
the relatively low strains result in lower 
sensitivity than obtainable with the un- 
bonded type and other electrical trans- 
missions. Mention must be made, how- 
ever, of the fact that there are on the 
market high-precision pickups known 
as “cells’—many times larger than the 
usual pickups—in the form of holiow 
cylinders which may be obtained with 
calibration certificates. 

Unbonded-wire strain-gage-type pres- 
sure pickups are usually made up as 
four-arm bridges. A feature is INITIAL 


*Reference is here made to ready-to-use pick- 
ups in which the bonded-wire units have already 
been applied to the surfaces of elastic members— 
an operation that looks simple but requires expe- 
rience and skill if the assembly is to hold its 
calibration not merely for one tensile test in one 
direction but for months or years of upscale and 
downscale measurements. 
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cation is used with relatively small and 
rigid members, in order to yield high 
sensitivity. A trimmer resistor is usu- 
ally incorporated during manufacture 
in order to make the bridge ratio at 
balance equal unity to three or four 
decimals. Assemblies are available for 
d-c. (dry-cell), a-c., carrier-fre- 
quency excitation; for absolute and dif- 
ferential pressures; for vibration-re- 
sistance requirements, ete. High-pre- 
cision types are the rule. 


or 


(b) Capacitive 


Principal applications of the variable- 
capacitance principle to transmission of 
pressure measurements are (1) rapid 
fluctuations or transients, (2) high 
pressures—usually requiring stiff dia- 
phragms and small deformations; and 
also (3) low pressures and extremely 
small pressure changes causing small 
displacements of large diaphragms— 
for al! of which the parallel-plate ca- 
pacitor type of “electrical micrometer” 
is suitable. Many capacitive-transmis- 
sion pressure pickups on the market are 
of the “spark-plug” form for engine 
tests; and most of these have dia- 
phragms integral with housings in or- 
der to prevent edge-creep as well as 
“jitters” and “ringing.” Upper fre- 
quency limit is 15,000 to 20,000 eps., 
depending on the accuracy required. 
For the characteristics of capacitive 
transmissions in general see pages 51- 
53 of the 1951 edition of this book. 

As a circuit element the capacitor 
may be used as one arm of an a-c. 
bridge, as a frequency-determining ele- 
ment in an oscillating circuit, or to am- 
plitude-modulate the carrier produced 
by an oscillator. Resonant circuits are 
the favorites for industrial work be- 
cause of the ready availability of the 
required instruments. 
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(c) Inductive 


All of the inductive-type transmitters 
associated with liquid-column and elas- 
tic-deformation pressure-measuring pri- 
mary elements are kinetic or displace- 
ment transmitters. 

Most of these transmit relatively large dis- 
placements; they are not electrical micrometers. 
Theoretically, inductance pickups can be de- 
signed for microinch deflections and there are 
examples in military and 


om, tube 


other applications 


Fig. 14. Electri- 
cal transmission 
system of the in- 
ductance division, 
mutual-inductance 
class (III) and 
differential -trans- 
former type (1), 
commanding a 
follow-up servo 
system. This ap- 
plication (to ex- 
tremely small 
displacements) is 
unusual for in- 
ductance trans- 
missions. 
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the 


and cheaper 


capacitor is much 

Moreover, 
rich variety 
geometries which have 
to be better than capaci 
into 


practically parallel plate 


simpler as a micrometer 


the inductive type is available in a 


of sizes and many of 


been found in practice 


tive or resistive transmitters for converting 


relatively large displace 
bellows, tubes, ete 

Oldest (before World War 1) of the 
inductive transmitters are the induct- 
ance-ratio and inductance-bridge posi- 


tion telemetering systems. Today so 


electrical signals the 


ments of Jourdon 


many more types come under “position” 


or “displacement” that numerous 
schemes of classification are possible. 
Much of the fundamental treatment 
of inductive prime relays in the 1951 
edition (pages 50-52) applies equally 
to inductive pressure pickups. The clas- 
sification is as follows: 
I. VARIABLE INDUCTANCE 
. Solenoid; 2. Variable air gap 
It. INDUCTANCK RATIO 
Sclenoid; 2. Variable air gap; 3. Shielding 
INDUCTANCE 
2. Variable-air- 
type; 4. Cou- 


Itt, MUTUAT 
1. Differential transformer; 
gap transformer; 3. Absorption 
pling loop. 


(d) Synchros 


These usually operate by electromag- 
netic induction but they do not belong 
under (c) because their output is not 
an electrical signal. They are electrical 
transmitters of angular position, sold 
under various names such as Selsyn, 
Autosyn, Telegon, Synchrotel, Magne- 
syn, Inductosyn, etc. Most of these sys- 
tems are too expensive for civilian use 
as transmitters of pressure-measuring- 
element deflection. 

6. PNEUMATIC TRANSMISSION 

Even more than in the case of elec- 
trical transmitters, the pneumatic trans- 
mitters associated with pressure-meas- 
uring elements are to be considered 
prime relays. Moreover, the thorough 
treatment of pneumatic prime relays 
in the first edition of this handbook 
(pages 38-45) applies to pressure (in- 


cluding differential) more than it ap- 
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plies to temperature and other measur- 
ables. Only two supplementary remarks 
need be made here: 

1. When it comes to converting a 
pressure change into a change of air 
pressure, all the possible classifications 
can be dropped in favor of the one 
which consists of (1) non-balance types; 
(2) position-balance types; (3) force- 
balance types. 

2. Although pneumatic transmission 
systems cannot compare in speed with 
electrical systems, they are sufficiently 
instantaneous for remote indication and 
remote recording over the distances of 
even the largest industrial plants. But 
when it comes to automatic control, 
they should not always be considered 
“instantaneous enough.” Nor, of course, 
should they always be condemned as 
too slow. Only in recent years have 
elaborate studies been made of pneu- 
matic-line lag (especially by Bradner, 
Iberall, Eckman, Gess, and Moise), end- 
ing guesswork once for all and end- 
ing excuses for blind acceptance or 
blind rejection. An extremely brief 
summary of the findings, put into 
simple words, is as follows: 

(a) The volume of the bellows or 
other device at a remote receiver (and 
especially the volume of the diaphragm 
motor at a remote valve) is an impor- 
tant factor because a large volume re- 
quires a large flow, accompanied by 
greater frictional retardation. 

(b) A sudden pressure change at 
the transmitter is attenuated and ar- 
rives as a gradual change, theoretically 
and practically like the temperature at 
the far end of the copper bar whose 
near end is suddenly heated, in the 
familiar Fourier heat-conduction ex- 
periment. 

(c) Theoretically, a “small” part of 
the sudden change should travel at the 
speed of sound regardless of tubing 
inside diameter; 63 percent of the sud- 
den change should usually travel in the 
usual industrial tubings at about half 
the speed of sound (details are omitted 
here). 

(d) A set of rough figures that can 
he memorized is that, in the “average” 


PART 3 


1, GENERAL 

Many of the _ previously-described 
methods are used for measuring “ordi- 
nary” vacuum: negative pressure with 
atmospheric pressure as the reference 
value—usually expressed as “inches of 
vacuum.” This Part deals with meth- 
ods of measuring “low” and “extreme- 
ly low” absolute pressures, the zero 
point being a perfect vacuum. This 
zero is inaccessible: the best man- 
made vacuum contains millions of gas 
molecules per cubic centimeter. The 
scientific unit of absolute pressure is 
one dyne per square centimeter, also 
called the microbar because it is one- 
millionth of the bar (750 mm. of mer- 
cury column). The generally-used unit 
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15. Pneumatic Transmission System. 


industrial installation, “nearly” the full 
extent of the sudden change (say 95% 
travels at about one-fortieth of sonic 
speed—about 25 feet per second—in 
“small” (less than 0.2-in. I.D.) tubing; 
and at about 50 fps. in “medium” (0.3- 
in. I.D.) tubing. By “average” installa- 
tion is meant one ending in an elastic 
device with a volume of 20 to 60 cubic 
inches—not with a volume of hundreds 
of cubic inches. 


7. OPTICAL 


Optical methods of pressure meas- 
urement still belong in laboratories 
(where they often are called density- 
measurement methods); and may be 
disposed of by stating that they are of 
great value in supersonic wind-tunnel 
work, ete., where they make _ possible 
the fastest known recording of shock 
waves and other extremely rapid local 
pressure changes without disturbing 
the particular volumes under study as 
do all ordinary pressure pickups. 

Optical transmission of pressure- 
measuring-element displacement, on the 
other hand, is entirely practical. The 
available devices divide themselves into 
two broad (1) photographic 
recording of liquid column height or 
elastic-element deformation—usually by 
a shadow-casting method; (2) photo- 
electric devices for remote indication 
and recording. As a rule, the mirrors, 
vanes, etc., impose negligible loads on 
the pressure-measuring elements. And 
when the mirror is simply a_ polished 
part of the surface of a deflecting ele- 
ment, there is no increase whatever on 
the inertia of the system. 


classes: 


-VACUUM INSTRUMENTATION 


of absolute pressure is the micron: one- 
millionth of one meter (or 0.001 mm.) 
of mercury column. A “low” absolute 
pressure is any less than 1 mm. of mer- 
cury; an “extremely low” absolute pres- 
sure—also called a “high” vacuum— 
if a pressure less than a millimicron 
(10-8 micron). The majority of appli- 
cations in the vacuum industries call 
for measuring pressures between 10-3 
and 10° microns. No single method 
of measurement is entirely satisfactory 
throughout this millionfold range. The 
following abridged treatment does not 
deal with all known methods; but the 
methods discussed are collectively ap- 
plicable throughout this range and 
even beyond. 














2. ELASTIC-MEMBER GAGES 


Because of their simplicity and con- 
venience, and in spite of their fragility, 
various thin-wall Bourdon-tube, spiral, 
helical, capsular and bellows gages 
are being used for measuring abso- 
lute pressures in the “low vacuum” 
ranges. The more sensitive ones are 
not mass-produced but are made by 
skilled glass-blowers. The glass (or 
fused quartz) must be one whose elastic 
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Fig. 17 
properties remain satisfactorily con- 
stant after artificial aging, so that a 
direct-reading gage will hold calibration 
if not abused. Elastic-member gages 
are generally used with a KNOWN 
vacuum on one side, as the reference 
—just as atmospheric pressure is the 
zero of an ordinary Bourdon gage. In 
some instruments it is possible to util- 
ize a contactless electrical-micrometer 
means of telemetering. 


3. COMPRESSION MANOMETERS 


The special type of compression ma- 
nometer used in vacuum work has been 
known since about 1880 as the McLeod 


gage. It is a primary instrument (see 
Part I). Therefore, a set of two to 
five McLeod gages covering ranges 
from about 0.01 micron to about 50 


millimeters is customarily used in 
many plants for calibrating the other 
vacuum instruments. 

Fig. 16 is a schematic diagram of 
the classical form of the McLeod gage. 
It consists of a bulb B with a narrow 
tube C at the top, and joined at A to 
the vacuum apparatus when the mer- 
cury level is at F. The volume V (vol- 
ume of bulb plus that of C) is cut 
off when the mercury reaches A. The 
volume v is that between the top of 
C and a graduation on the tube. When 
the mercury is raised until its level 
reaches this graduation in C, it will 
rise to a higher level in D. The differ- 
ence of level Ah is a measure of the 
pressure of the compressed gas if the 
initial pressure was small compared 
with h—that is, if the ratio V/v is 


large enough. This approximation is 
valid, since the ratio V/v can be made 








100 or 1000 more. The pressure h will 
then be made 100 (or more) times 
greater than the initial pressure of the 
gas that was cut off and compressed. 

For raising and lowering the mer- 
cury, the simple arrangement shown in 
Fig. 16 is commonly employed. Reser- 
voir G is joined to the gage by a flex- 
ible rubber tube; and either the reser- 
voir or the gage is raised or lowered. 
In permanently-installed gages, this 
operation is made semi-automatic, with 
mechanical or compressed-air or vacu- 
um auxiliary power. 

If the compression chamber has the 
same diameter throughout, the range 
of the gage is limited. This limitation 
is eliminated by making the compres- 












sion chamber into a series of capillaries 
of decreasing diameter, as shown in 
Fig. 17. The sizes are so arranged 
that the marks will be far enough from 
the joints, so that the diameters at the 
marks will not be affected when the 
joints are made. The greater length of 
the widest tube will enable the gage to 
reach the usual lower limit. With 
this arrangement alone, the surface ten- 
sion corrections would be different for 
the different marks. This is avoided by 
Dunoyer’s invention which consists of a 
number of tubes of corresponding diam- 
eters parallel to the compression cham- 
ber, as shown in Fig. 17. Each tube of 
this set has a mark level with the mark 
in its corresponding portion of the com- 
pression chamber. There is thus no 
need to apply any surface tension cor- 
rection, and readings are made directly. 

McLeod gages cannot be used where 
condensable vapors are present. Their 
PRECISION is limited by capillarity and 
other effects, as well as by readability 
(two levels must be observed). Their 
ACCURACY is ordinarily 2 percent of the 
value of the absolute pressure (1 per- 
cent or better in highly-developed 
models). This is the INTRINSIC accuracy 
of a well-made gage with recently- 
cleaned capillaries; such accuracy is 
seldom if ever attained by persons not 
trained in vacuum techniques. 

The principal inconvenience in the 
use of the McLeod gage is that its 
operating liquid is mercury, whose 
vapor pressure at room temperature 
is about two microns (hundreds—or 
thousands—of times greater than the 
pressures to be measured in_ high- 
vacuum applications) compelling the 


installation of mercury-vapor traps 
using liquid air, ete. 

It was pointed out in 1915 by Gaede 
(and generally overlooked until B. B. 
Dayton recently brought it up) that 
the flow of mercury molecules from a 
McLeod gage to a liquid-air trap-——even 
if slow—makes the partial pressure of 
air in the manifold higher than the 
pressure of air in the McLeod, the cor- 
rection factor at room temperature be- 
ing 140.13 R where R is the radius 
(in centimeters) of the connection be 
tweeen trap and gage. 

Among many forms and sizes of Me- 
Leod gages, mention may be made of: 

(1) Large-bulb high-ratio instru- 
ments, requiring a large amount of 
mercury, in which mercury raising and 
lowering operations are mechanized. 
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(2) Small portable instruments in 
which these operations are performed 
by rotating the entire instrument, or its 
glassware part. See Fig. 18. 

(3) Electrical remote-reading sys- 
tems. These continuous-in- 
dicating because the compression ma- 
nometer is an intermittent-sampling 
instrument. The sampling is performed 
automatically at regular intervals and 
each operating cycle ends with the 
transmission of the reading. Electrical 
means of transmitting liquid level have 
heen described in a preceding Section; 
for industrialized MeLeod gages the 
device is a platinum wire stretched 
axially in the capillary chamber. 


cannot be 


The Dubrovin Gage, Fig. 19, consists 
of a glass tube A, partly filled with 
mercury, in which floats tube B buoyed 
up by hollow glass sphere C. Tube B 
having been evacuated, its upper part 
contains such a small quantity of air 
and mercury vapor that it is com- 
pressed to a negligibly small volume 
(diagram I) when the measured abso- 
lute pressure is range-maximum or 
greater. The float rises to its maximal 
height when the instrument is con- 
nected to a nearly-perfect vacuum 
(III). In between (II), the calibration 
depends on the constants of each indi- 
vidual instrument. The usual range is 
0 to 20 mm. of mercury. 




















4. LOW-PRESSURE GAS PHENOMENA 

At a pressure of one micron, most 
gases have a mean free path of the 
order of INCHES. For example, each 
individual molecule of hydrogen at 1 
micron and 25 C. travels 9.31 cm. 
(3.68 in.) between collisions with other 
hydrogen molecules. For helium the 
mean free path is 14.7 cm.; for oxygen, 
5.40, for nitrogen, 4.99. Therefore, 
within the measuring chambers of high- 


Fig. 26 


vacuum gages, molecules travel as indi- 
vidual particles and collide only with 
the surfaces of the instruments—not 
with one another. Some of the physical 
properties of gases at these low pres- 
sures become simple and their relations 
to pressure can be expressed by simple 
equations which permit (theoretically) 
the design of primary instruments. 
Some of these properties are utilized 
in the instruments dealt with in the 
following Sections. Most of the com- 
mercial forms of these instruments, 
however, have to be calibrated initially 
(and periodically) because of limita- 
tions of geometry, inconstancy of ther- 
mal and thermionic properties, un- 
preventable absorption and adsorption, 
and numerous other factors which com- 
plicate the utilization of the simple 
effects. 

Before discussing the measuring instruments, 
mention may be made of the “glow discharge 
gage,’ which is simply a glass tube in which a 
cathode and anode have been sealed. If high- 
voltage d.c. or interrupted d.c. is applied to 
these electrodes, the appearance of the discharge 
provides a semi-quantitative indication of pres- 
sure-—a usable indication of “degree of vacuum.” 


5. Viscosiry METHODS 
(1) “Laboratory” 


These deserve mention because they 
are used in some plants, for calibra- 
tions below the McLeod limit. One 
utilized effect is the damping capacity 
of the gas, which varies inversely with 
pressure. Extremely fine disks, plates, 
fibres, membranes, etc., are set in mo- 
tion (in some instruments by an ex- 
ternal magnet attracting a speck of 
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iron embedded in the moving member) ; 
then the dying-down of the oscillations 
is observed. Knowing the dimensions 
and the elastic and other coefficients, 
the pressure is computed from the ob- 
served periods. Each reading is a time- 
consuming experiment. Most instru- 
ments must be set up carefully on vi- 
brationless benches. They include types 
known as molecular gages, torsion 


Principle of rotary-type 
molecular-class 
absolute pressure 
Or Vacuum gage 


This drawing is not 
designed to depict 
any detail of 
any commercial 
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the rotary-drag 
molecular method 

of vacuum 
measurement 
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gages, disk gages, decrement gages, and 
by the names of their inventors: Lang- 
muir, Dushman, Bruche, Sutherland, 
Haber, and others. 


(2) “Military” 

Brief mention is here made of the 
fact that some viscosity or molecular 
gages have been ruggedized and autom- 
atized, with the oscillating member 
set into motion at regular intervals, its 
decrement measured, and the successive 
reading telemetered over wires or by 
radio. The instrumentation is neces- 
sarily elaborate and extremely costly. 


(3) “Industrial” 


Of the numerous attempts made in 
Europe and in the U. S. to design a 
rugged quick-reading embodiment of 
the viscosity method, two approaches 
appear to promise future industrial 
usefulness: 

The first is the use of edge-clamped 
piezoelectric crystal wafers as oscil- 
lating members, with automatic reading 
of decrements. At this writing (summer 
1954) the systems still seem to belong 
to the expensive “military” category, 
but the costs will come down when 
commercialization dictates the use of 
inexpensive non-critical components. 

The second approach—even more 
promising and already available—is 
sketched in Fig. 20. A miniature syn- 
chronous motor drives inner member A 
so that the deflection of spring-re- 
strained member B depends on (1) the 
motor speed—which in the first com- 
mercial model is exactly 3600 rpm., the 
a-c. line frequency; (2) the spacing and 


other geometric factors; (3) the stiff- 
ness of the spring; (4) the number of 
gas molecules between A and B, i.e. the 
absolute pressure; and (5) the specific 
gravity of the gas or gas mixture. The 
actual relation between absolute pres- 
sure and pointer deflection for any gas 
probably defies mathematical prediction 
but the curves (Fig. 21) show the 
effect of friction on deflecting member 
B and their shape seems to suggest the 
probability that the first model will be 
followed by others in which this fric- 
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tion will be not only reduced but com- 
pletely eliminated. 


6. RADIOMETER GAGES 


These are commonly called Knudsen 
gages, after the designer of the first 
successful one. The utilized effect is 
that a mechanical force is produced 
between two surfaces, one heated and 
the other at the temperature of the 
gas, by the molecules rebounding from 
the hotter surface with more kinetic 
energy than those striking the cold 
surface. This force is independent of 
molecular weight, is proportional to 
T,/(T, —T,) and is proportional to 
the number of molecules, hence to the 
absolute pressure. Temperature meas- 
urement difficulties make most radi- 
ometer gages unsuitable for plant use. 
Among modern designs is one which 
uses a modified principle: constant wat- 
tage input to the heater. It is par- 
ticularly useful because each wattage 
setting gives a different scale. 


7. CONDUCTIVITY METHODS 


This method utilizes the exactly linear 
relation between the thermal conduc- 
tivity of a’gas and its pressure when 
all molecules travel between a heated 
surface and the surrounding surfaces, 
without exchanging energy among 
themselves. This method is embodied 
in the hot-wire gages, which are di- 
vided into four distinct classes: 

(1) Pyrometric or Thermocouple 
Gages.—In the numerous types of this 
class, a constant current heats a fila- 
ment or ribbon, whose temperature is 
measured by a thermocouple whose 





measuring junction is welded to the 
heated element. The walls of the meas- 
uring chamber are thermostated in 
some of the more refined instruments. 
Each instrument requires individual 
calibration because the heated-ele- 
ment temperature depends not only 

on pressure but on radiation, on 
end-conduction, and on other ef- 
fects, thus yielding a non-uniform 
scale law in each case. 
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voltage is maintained constant (and 
when the electron current itself is 10 
ma. or less). The number of positive 
ions striking the collector electrode 
per unit of time—i.e. the plate current 
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Fig. 22. The characteristic curve of one 
fairly typical hot-wire gage, showing its 
region of maximal sensitivity. 


(2) Resistance or Pirani or Pirani- 
Hale Gages.—In these gages the uti- 
lized effect is the change in resistance 
of the heated element with a change 
in gas conductivity, hence in absolute 
pressure. Electrically, two different 
principles are used: (a) constant volt- 
age; (b) constant current. In most 
commercially-available instruments the 
circuit is a Wheatstone bridge and 
there are two duplicate bulbs, one with 
a tubulation for attachment to the 
vacuum system and the other a perma- 
nently-sealed reference—usually evac- 
uated to the highest vacuum which the 
user will want to compare. 


(3) “Thermistor’ Gages.—These dif- 
fer from the Pirani-Hale gages in that 
the heated elements in the sampling 
bulb and in the reference bulb are near- 
ly-identical units both made of a semi- 
conducting material. Such materials 
differ from metals and alloys in that 
their temperature coefficients of resis- 
tivity are (a) greater, (b) nonlinear 
and (c) negative. The advantage is 
higher sensitivity—not higher accuracy 
in the present state of the art. 


(4) Linear-expansion Gages. —-In 
these gages the temperature of the 
heated element is measured by meas- 
uring its length. Numerous mechani- 
cal designs are in use, including contact 
arrangements for automatic control. 


8. IONIZATION METHODS 


As the name implies, the utilized 
effect is that in a triode the number 
of gas molecules ionized by the electrons 
emitted from the cathode varies with 
the pressure when the accelerating 
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—is proportional to the pressure in 
the high-vacuum ranges, but the scale 
laws become nonlinear curves for 
ranges that exceed about one micron. 
In the last twenty years, advances in 
electronics have been accompanied by 
improvements in ionization gages. To- 
day these gages are available in many 
types and varieties all of which, how- 
ever, may be divided into three groups: 
(1) thermionic gages, (2) Philips 


gages, and (3) “Alphatron” gages. 


(1) Thermionic.—These follow con- 
ventional electronic circuit and elec- 
tron-tube design except for (a) various 
function-improving geometrical de- 
signs; (b) various cathode materials 
to avoid burn-out when the vacuum 
is broken while the cathode is still 
hot; (c) bridge circuits. In thermionic 
gages, cathode temperature regulation 
is critically important because emis- 
sion varies exponentially with temper- 
ature. As a rule, power supplies must 
be of the highest quality. 

All ion-gage tubes but one are like 
radio triodes structurally; the excep- 
tion is the “inverted” design (Fig. 25) 
by R. T. Bayard and D. Alpert. Their 
aim was to minimize a source of error 
which had been unsuspected, namely 
the residual current due to soft x-rays. 
These x-rays, created at the grid of the 
conventional tube by thermionic elec- 
trons from the central filament, release 
photoelectrons from the surrounding 
ion collector plate. Because of this false 
current, the higher the measured vac- 
uum, the greater the error; and ion 
gages were considered unreliable below 
0.0001 micron. Today, conventional ion 
gages can be used down to 10* micron, 
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but only in the hands of a skilled user 

who allows for this effect and other 

error sources. In the new “inverted” 

design, however, the filamentary ion 

collector offers such a small target to 
radiation from the grid that the 
gage can be used with assur- 
ance to measure pressures as 
low as 107 micron. 
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Fig. 25. Bayard-Alpert gage tube. 


(2) The Philips Gage.—Distinctive 
features of this ionization gage are: (a) 
instead of thermionic emission, use of 
a cold cathode made of thorium or 
zirconium; (b) magnetic deflection 
whereby the electrons travel in a spiral 
path hundreds of times longer than 
the cathode-anode distance, causing a 
corresponding increase in the ionization- 
probability factor and hence an easily- 
measured plate current even at pres- 
sures as low as 0.01 micron. 

(3) The “Alphatron.”—In this gage 
the ionization is not produced by elec- 
trons but by alpha particles emitted 
from a pellet of radioactive material 
such as a radium compound. Thus, what 
may be called the volumetric ioniza- 
tion is constant, but the total ionization 

measurable as the ion current—is 
proportional to the pressure. 


9, COMPARATIVE CHARACTERISTICS 


The outstanding characteristics of 
the various classes of vacuum gages 
are summarized with extreme brevity 
in Tables II and III. In the foregoing 
text, only the most important limita- 
tions and advantages of the various 
classes of vacuum guges have been 
mentioned. There are too many others 
for discussion in this chapter. They 
vary not only with the class and type, 
but with the design or make. It is 
not uncommon for two vacuum gages, 
outwardly alike and bought and _ in- 
stalled at the same time, to differ in 
their characteristics. Most cases of 
“customer dissatisfaction,” however, 
probably began with hastily ordering 
the wrong type of gage, through un- 
awareness of available types. 
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PRECISION 
ESSURE MEASURING EQUIPMENT 


TYPE A-| BAROMETER (MANOMETER ) 


The Type A-1 Barometer is a precise working standard for 
the measurement of pressure altitude and absolute pressure. It 
incorporates the following major features: 1. Direct true pressure 
readings (no manual corrections). 2. Full range temperature 
and gravity compensation. 3. Precision-bore glass tube and cis- 
tern. 4. Chromium-plated engine-divided precision scale. 5. 
Choice of scale graduations (inches, millimeters, millibars, alti- 
tude, etc.). 6. Double-edged scale. 7. Internal tests to assure 
continued accuracy. 


PRIMARY STANDARD 


The Micrometer Standard Barometer is designed for use as 
a primary pressure standard. In addition to the normal mercury 
column reading, the change in the mercury level in the cistern is 
read by means of a pressure sealed depth micrometer. Calcula- 
tions are applied to the two readings to correct to units of true 
length and to correct for temperature and gravity errors. The 
result is a true pressure reading that is reliable to within a few 
hundredths of a millimeter of mercury 

Although more accurate than the Type A-i Barometer, the 
calculations required make the Micrometer Standard less con- 
venient to use. 





PHOTO-SCANNER 


The Photo-Scanner (accessory equipment) extends the 
utility and sensitivity of the Type A-1 Barometer. Sighting of 
the mercury column is accomplished by adjusting the vernier 
slide to center the needle of the large 412” null-type indicator. 
True pressure readings (corrected for temperature and gravity) 
are taken from the precision scale. Pressure changes are immedi- 
ately indicated on the meter. Dual sensitivity provides full scale 
deviation of the null indicator for approximately .020’”’ (0.5mm) 
of mercury on low sensitivity; .004” (0.1mm) on high sensitivity. 





Please Write for Further Information. 


Type A-1 Barometer 
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HASS BROTHERS Instrument Co. 


6236 RITCHIE ROAD, WASHINGTON 28, D. C. 
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Instruments for Industry 





by MERIAM 


Since 1911 we have been solving measurement problems by supply- 
ing standard or special instruments to accurately measure pressures, 
vacuums and flows of liquids and gases. We have constantly improved, 
developed and diversified the line so as to meet fully all needs of the field. 


q _U-Type Absolute Pressure Gauge 


For the measurement of absolute pressures 
from one millimeter of mercury to the 
equivalent atmospheric pressure. Of sim- 
ple design—accurate and dependable. 
Gauge head fastens to body by a single 
wing nut. Available in wall or flush front 
mounting styles. Ask for catalog sheet 
C-1142 WM 


Clean-Out U-Type Manometer p> 


(Model B-1169 WM) 


Semi-steel clean-out head is removable 
from body frame for filling and cleaning 
U-tube. For line pressures up to 100 Ibs. 
per sq. in. Large bore “pyrex” tubing 
ie” inside diameter gives flat indicating 
fluid meniscus. Bold %” high scale nu- 
merals provide for distant reading. Ask 
for catalog sheet B-1169 WM. 


Well Type Manometer 
(Table Mounting) 

For portable service in the field, produc- 
tion testing, or in the laboratory. Glass 
tubing is gland packed at each end block 
and is supported at spaced intervals to 
prevent tube distortion. Also available 
for wall mounting, pipe mounting, and 
flush front panel mounting. Ask for 
catalog sheet A-203 1M. 


Well Type Manometer * 

(Front-of-Board Mounting) 
The instrument body channel, scale, and 
indicating tube mount to the front of the 
panel; instrument well mounts behind 
panel. Connections are made behind the 
mounting panel. Provides an accurate, 
quick, and direct method of measure- 
ment. Ask for catalog sheet A-324 FB. 





U-TYPE MANOMETERS 


The Clean-Out Manometer (at left) for 
line pressures up to 100 lbs. per 
sq. in. A wing nut permits the Man- 
ometer body and tube to be discon- 
nected from the head — the tube 
cleaned with a brush furnished or 
tube replaced, and the instrument 
reassembled without disconnect- 
ing the head section from the 
piping. Send for Bulletin No. 1 


The Model A-995 WM Manometer for 
line pressures up to 400 lbs. per 
sq. in. These instruments are built 
with heavy walled annealed 
straight Pyrex tubes, gland packed 
top and bottom in steel end blocks 
and clamped to the body at fixed 
intervals to prevent distortion. 
Catalog Sheet A-995 WM gives 
complete details. 





WELL-TYPE MANOMETER 


Model A-275 WM (at left) is a di- 
rect reading type for line pressures 
up to 150 lbs. per sq. in. Standard 
construction; ranges — from 6" to 
24". Wall mounted type shown; 
also available in flush mounting. 
Ask for Catalog Sheet A-275 WM. 


SIGHT FEED BUBBLER 
This Sight Feed Bubbler with 214” 
dia. bowl of Pyrex glass is good 
for line pressures up to 50 Ibs. per 
sq. in.; of plastic, for pressures up 
to 100 Ibs. Sturdily built with brass 
or semi-steel body. Supplied in 
ring type (shown) and strap type. 
Needle valve controls bubbler 
rate, Ask for Bulletin 21. 
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THE MERIAM INSTRUMENT CoO. 


10958 MADISON AVENUE e CLEVELAND 2, OHIO 
WESTERN DIVISION: 1418 WILSON AVE., SAN MARINO 9, CALIF. 
IN CANADA: PEACOCK BROS., LTD., MONTREAL 
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When you specify USG you are assured the most rigid quality control systems 
of quality gauges engineered for endur- in the instrument industry. 

ing accuracy. Your assurance is USG’s For complete information on USG 
engineering skill and production know- products contact your nearest USG 
how gained from more than 50 years of Representative or write to the factory 
instrument manufacturing—plus, one of in Sellersville, Penna. 





























\ PRODUCTS OF UNITED STATES GAUGE: Ammeters + Air Volume Controls 
N Absolute Pressure Gauges + Air-Brake Gauges + Altitude Gauges + Boiler 
Gauges +» Chemical Gauges + Inspectors’ Test Gauges + Marine 

~ Gauges + Precision Laboratory Gauges + Welding Gauges 
Aircraft Instruments + Flow Meters + — Boiler 

Thermometers . Industrial Thermometers 
Mercury, Gas and Vapor Dial 
Thermometers + Voltmeters 





































































































UNITED STATES GAUGE, Division of American Machine and Metals, Inc., Sellersville, Penna. 
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| maximum accuracy... 
minimum size 
pressure pickups Miniaturization without sacrifice 


Aeromarine 
LOW PRESSURE APPLICATIONS 


of accuracy or stability. 

Gage, absolute and differential 
models ranging up to 5000 psi 
with over-all 1% linearity. All 
feature flush diaphragm and 
rugged, stainless steel construc- 
tion. Extremely versatile for 
both measurement and control, 
pickups operate from a-c or d-c, 
are useable from —65° to +250°F 
and have accessory pipe- 
threaded adapters. 


A complete line for measurement 
or monitoring. Newest model, 
Type 4-118, is useful from 50 to 
500 cps for double amplitudes 
up to 0.12” and peak accelera- 
tions greater than | “g.” It 
measures only i x 1”, weighs 
only 1.3 0z., useable in any 
position, is stable up to 500°F, 
Other self-generating vibration 


There is an Aeromarine gauge for your every 
low pressure application. Pressure gauges are 
available from as low as 0-10 inches of water up 
to as high as 0-30 P.S.I. Vacuum gauges are 
available from 0-10 inches of water up to abso- 
lute vacuum. These gauges can be furnished with 
linear scales, expanded scales or retarded scales 
as is shown in picture. 





Also Differential pressure gauges and compound 
gauges with both pressure and vacuum on the 
same dial. We also furnish gauges with electric 
switches for remote indication or control. 
Write for more information on 
our line of precision instruments. 


AEROMARINE INSTRUMENTS CO., INC. 
381 Gerard Avenue New York 51, New York 
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pickups available for both higher 
and lower frequencies and for 
torsional measurements. 
All Consolidated pickups are described completely in 
Bulletin CEC 1552-X10. We will gladly send you a copy. 


Consolidated Engineering 


Corporation 


300 North Sierra Madre Villa, Pasadena 15, California 
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UEHLING INSTRUMENT COMPANY 


469 Getty Avenue, Paterson 3, New Jersey 
Recording, Indicating and Control Apparatus 





INCLINED DRAFT GAUGES 
For Plus or Minus Pressure 
For Differential Pressure 








bal Suda 


wae TYPE-B-ORAFT GAUGE & * 


14 Sif iad PubiPabal 











FOR MEASURING 
LIQUID LEVELS 
AND 
TANK CONTENTS 


ANY DISTANCE AWAY 





DRAFT GAU 


Silda ab 


The Uehling Draft Gauges are available with scales from 10” 

to 40” and waterheads ranging from 1” to 8”. Scales are gradu- 

TANK-O-METERS may be applied to the measurement of ated for every 1/100” of waterhead. Each instrument is housed 
ACIDS, ALKALIS, WATER, OIL, GASOLINE, ALCOHOL, BEV- in a durable aluminum case with glass front and adjustable scale. 
ERAGES, TAR, MOLASSES, MILK, PAINTS, VARNISHES, They are extremely accurate as each instrument is individually 


SODIUM SILICATE, SOLVENTS, OR ANY OTHER CHEMI- calibrated. Furnished for draft, 


CAL SOLUTION. Send for Bulletin No. 945. Send for Bulletin 1146. 


pressure, or differential pressure. 


U-TUBES PRESSURE AND MERCURY COLUMN ABSOLUTE 
(STRAIGHT TUBE TYPE) VACUUM GAUGES PRESSURE INDICATORS 


Meet the most exacting require- 
ments and combine accuracy, re- 
liability, simplicity and durabil- 
ity. Housed in durable Aluminum 
cases with glass fronts. Standard 
instrument covers a range of 
31 inches of mercury head. A 
catch-all for trapping visibly 
glass front. shows any condensate in the con- 
Each instrument has an exter- necting line. Each scale has a 
nal micrometer scale adjustment, . knurled micrometer screw ad- 
zero check cock, and drain valve. justment. A simple means is pro- 
Scale lengths from 10” to 100”. vided for cleaning the Pyrex 
Four indicating fluids, manometer. May be calibrated 
Micali actual ae, cieediaa in any desired units for pressure 

I e 1 + or vacuum and mav be provided 
Send for Bulletin 828. : s with a plus or minus scale to 

: read either vacuum or pressure 
on the same instrument. Length 
. to suit any range. Greater flexi- 

TEL-FLO ; bility is made possible by choice 
METER of either mercury or one of three 

other indicating fluids. 


Send for Bulletin 147. 


Uehling U-Tube Pressure and 
Vacuum Gauges consist of 
straight Pyrex tubes with a bot- 





tom metal connecting base, 
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housed in aluminum case with 
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For measuring flow rates and 


Uehling Mercury Column 
Absolute Pressure Gauges 
are designed for exacting re- 
quirements of modern en- 
gineering practice, and com- 
bine accuracy, reliability, 
simplicity, and durability. 
Used with all processes 
where extremely accurate 
absolute pressure determ- 
inations are essential. Can 
furnish catch-all for trapping 
and showing any condensate. 
Standard scale lengths of 7” to 
100”, graduated in 1/10” of mer- 
cury absolute pressure or in 
pounds or in equivalent metric 
units. 


Send for Bulletin 247. 


COMBINED 
BAROMETER AND 
VACUUM RECORDER 


: FLO} ecords be tri p 
purging line. Are accurate, ex- APEX CO. RECORDER Records barometric pressure 


and vacuum on same chart. 


ceptionally durable, and attrac- 


Actuated by changing par- Distance between the two re- 


tive. Housed in aluminum case \ tial vacuum developed in a corded lines represents the 
with plastic front to protect separate device, known as absolute pressure. Permanent 
graduated glass tube. Can be the CO. meter. The com- accuracy and remarkable legi- 


furnished in aluminum, brass, 
or stainless steel bodies (or 


plete standard equipment bility are the outstanding 
consists of one CO, Meter, characteristics of this record- 
one type M Recording er. Accuracy is obtained 


any other metal). Suitable for a Gauge, one type Z Indicator, by the employment of the 


maximum pressures of 300 Ibs. ces | “Pyro-Porus” filter, one sam- mercury 
Higher pressures upon request. 
Furnished with or without con- 


column _ prin- 


pling pipe holder, one gas ciple and consequently 
dryer, one motor driven vac- this recorder has the 
uum pump and one suction same high degree of ac- 


trol valve and with either top, za regulator. Where steam or curacy as the mercury 
side, or back connection. water is available at 60 lbs. column indicator. It em- 


loys no 
, pressure or more, an as- ploy 
Send for Bulletin S58. pirator may be substi- phragms, 


springs, dia- 
or multiplying 


tuted for the motor levers, therefore holds its 
driven. vacuum pump calibration permanently 


Ae tate sa, without readjustment. 
MERCURIAL BAROMETERS which materially _ re Send for Bulletin 150. 


duces the price of the 


With vernier scale. Can be furnished with equipment. The Apex UEHLING VACUUM RECORDER 


the same style case as used with Uehling CO. Recorder makes a 
pressure and vacuum gauges, illustrated continuous record, Same as 
here. Send for Bulletins 118 and 118E. 

For more information rcle 43 on 


above, without barometric pen. 
Send for Bulletin 140, 
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The high standard of excellence maintained by 
Heise qualifies this instrument for the most exacting 
requirements. Consistently accurate performance as a 
calibration reference has established its recognition as 


THE STANDARD OF THE WORLD 


% Permanent, positive accuracy of alignment guaranteed 
by integral construction. 


% Weldless heat treated Bourdon tube maintains precise 
calibration. 


% Dial individually engraved with reference to the pressure _ 
gradient of its gauge mechanism. 


% Patented “External Bleeder’ permits rapid, 
efficient evacuation of air or gasses. 


Pressures to 20,000 psi. Sizes: 8!/2", 12" and 16" 
Prices from $151.60, Delivery 30 days 
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HIGH EFFICIENCY 


@ VACUUM PUMPS | 
© COLD TRAPS Potentiometer type 


© STOPCOCKS | TRANSDUCERS 
© PRESSURE STOPCOCKS | te : 

@ MANOMETERS 
© FLOWMETERS 


All Types and Sizes 
From Stock 
low range 


and pressure transducer pressure transducer 


To Your Specifications 





WE INVITE YOUR INQUIRIES 





High range pressure Dual translation 


t otentiometer 
No. 8700 ransducer Pp 


GREINER GLASSBLOWING LABORATORY 
3604 E. Medford Street 
Los Angeles 63, California 
TELEPHONE: ANgelus 9-2131 





Sealed translation Miniature translation 
potentiometer potentiometer 


GLASS APPARATUS /» & iit 


SERVONIC INSTRUMENTS, Inc. 
SCIENTIFIC RESEARCH, INDUSTRY and EDUCATION 1145 So. Fair Oaks Ave., Pasadena 2, Calif. 
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How’s your technical library? 


Check this list. 


Electronic circuitry for Instruments and Equipment 
by Milton H. Aronson, 1953, cloth, 310 pages. 

Price $4.00 [J 
Scientific and Industrial Glass Blowing and Labora- 
tory Techniques by W. E. Barr and Victor J. An- 
born, 1949, 444” x 8”, 388 pages. 

Price $6.00 [J 


The Electronic Control Handbook by R. R. Batcher 
& Wm. Moulic, 1952, paper, 244 pages 

Price $3.00 [1 
Heat Inertia Problems of Automatic Control of Tem- 
perature by Victor Brodia, 1950, paper, 54” x 8%”, 
61 pages. Price $1.00 [1 


Applications of Industrial pH Controls by Allen L. 
Chaplin, 1950, cloth, 434” x 8”, 144 pages. 

Price $2.50 [1 
Maintenance and Servicing of Electrical Instru- 
ments by James Spencer, Third Edition 1951, cloth, 
4%” x 814”, 256 pages. Price $3.00 [1 
Mechanical Measurements by Electrical Methods by 
Howard C. Roberts, Second Edition 1951, cloth, 
4%” x 814”, 537 pages. Price $4.00 [1 


Operation and Care of Circular-scale Instruments by 
James Spencer, 1949, cloth, 44%” x 8”, 90 pages. 
Price $1.50 [1 
Instrumentation for the Process Industries (Pro- 
ceedings Eighth Annual Symposium on Instrumen- 
tation for the Process Industries, School of Engi- 
neering, Agricultural and Mechanical College of 
Texas) 1954, 8” x 11%”, 36 pages. Price $2.00 [| 


Instrumentation for the Process Industries (Seventh 
Symposium) 1953, 8” x 11%”, 68 pages. 
Price $2.00 [J 
Instrumentation for the Process Industries (Sixth 
Symposium) 1952, paper, 8” x 114”, 64 pages. 
Price $2.50 [ 
Instrumentation for the Process Industries (Fifth 
Symposium) 1951, paper, 8” x 11%”, 56 pages. 
Price $2.50 1 
Guide to Foreign Sources of Metallurgical Literature 
by John T. Milek, 1951, paper, 84%” x 11”, 108 pages. 
Price $2.50 [ 
A Romance in Research—The Life of C. F. Burgess 
by A. McQueen with Technical Appendix by O. W. 
Storey, 1951, cloth, 6” x 9”, 430 pages. Price $6.00 (4 
Stress Corrosion of Mild Steel by James T. Waber & 
Hugh J. McDonald, 1947, paper, 5%” x 8%”, vi+ 
94 pages. Price $2.00 (J 
Instrumentation for the Iron & Steel Industry (Pro- 
ceedings Third Annual Conference on Instrumenta- 
tion for the Iron & Steel Industry, Carnegie Institute 
of Technology and the Pittsburgh Section, Instru- 
ment Society of America) 1954, paper, 8” x 11%”. 
Price $2.00 [J 
Instrumentation for the Iron & Steel Industry (Pro- 
ceedings of Second Conference) 1953, paper 8” x 
11%”. Price $2.00 [1 
Instrumentation for the Iron & Steel Industry (Pro- 
ceedings of First Conference) 1951, paper, 8” x 
11%”, 52 pages. Price $2.00 [) 
(Payment must accompany order) 


Instruments Publishing Company 
845 Ridge Avenue, 
Pittsburgh 12, Pennsylvania 


Enclosed is $..... . for copies of 
Name 


Address 


City 











| MARSH Pressure Gauges 


Mastergauge— 


Marsh quality, stamina and 
accuracy is found in its high- 
est development in the “Mas- 
tergauge”’’. Accuracy is guar- 
anteed within ', of 1% of 
reading. Advanced monel and 
stainless steel movement and 
rugged bourdon tube assure 
lasting accuracy under all 
conditions. Try the Master- 
gauge where others have 
failed. There is one for every 
service, 

**Recalibrator”-—describes Marsh method of correcting a 
gauge that has been knocked out of adjustment. Quickest 
and best means ever devised. Available in all Marsh Gauges. 



















Standard Gauge— 






A moderately priced gauge 
which represents remarkable 
value. Wide range of types— 
pressure; compound; vacuum. 









MARSH INSTRUMENT CO. 


Sales affiliate of Jas. P. Marsh Corporation 


Dept. 8, Skokie, Ill. 
Export Dept., 155 E. 44th St., New York, N. Y. 
















Just off the press — 60 
pages of Dwyer Precision 
instruments for checking 
combustion, draft, pres- 
sure, vacuum, flow, static 
pressure, velocity, CO», 
smoke, temperature and 
other media. 





NEW— 


Instrument 







Data Book 










Combustion 










Draft Pressure 









Flow 











Pressure 


Smoke Switches 


Velocity 











Pressure 


Stati Differential 


Pressure 









Temperature 


339 South Western Avenue 
Chicago 12, Illinois 





Write for 
Your Copy 
Today! 
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CHAPTER IV 


DIMENSIONAL GAGING AND INSPECTION 
By ROGER L, GEER 


VERY component of commercial 

goods produced has limitations as 
to its size, form and alignment which 
must be heeded to assure not only in- 
terchangeability, but also the vital 
proper functioning of the item. Dimen- 
sional Gaging and Inspection determine 
to what precision the components agree 
with prescribed limitations on detail 
drawings. 


Interchangeability necessitates limit- 
ing gages for controlling dimensions of 
parts. Since gages are made by human 
beings, and often on tools similar to 
those used for making the parts, certain 
precautions are necessary to restrict 
the gagemaker’s product. Common 
practice is to allow the gagemaker 10% 
of the part dimension tolerance as his 
deviation from the ideal size for the 
gage. Table 1 shows the American 
Standards for Fixed Gages. 


Gaging equipment must be calibrated 
to a universally acceptable standard. 
Hardened steel gage blocks have been 
produced in quantity so that every shop 
can afford at least one set. These 
blocks are available in accuracies of 2, 
4, or 8 millionths of an inch per inch 
at size combinations from 0.010 to 80 
inches by increments of 0.0001 inch. 
National Bureau of Standards calibra- 
tion of such blocks should be obtained 
before using so that they may function 
as master standards for calibrating in- 
spection equipment, and size standards 
for setting up comparator-type gages. 
Expansion of these blocks is comparable 
to that for commercial steels (0.0000064 
in./in./°F.) Temperature corrections 
are necessary only in very precise work 
and are 
being inspected. 
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Fig. 1. Plag Gage Application 


Since gage blocks are extremely con- 
venient to use, they now are used in 
many shop set-ups. Here the blocks are 
subjected to considerable wear. This 
wear may be reduced by the use of 
tungsten carbide wear blocks (0.050 or 
0.100 in. thick) on the ends of a stack. 


Chromium-plated blocks have been 
helpful, and now full sets of carbide 
blocks are available. Carbide has 2.9 
microinch expansion coefficient as com- 
pared to 6.5 for steel, and specific grav- 
ity of 16 against 7.6 for steel. Al- 
though the cost of carbide blocks is 
about five times that of steel blocks, 
they have over fifty times the life of 
the latter. 

Inspection operations are “non-pro- 
ductive” tasks in the cost accounting of 
a product. It is imperative that the de- 
vice selected for controlling the quality 
of the part be economical as well as 
reliable. This choice will be controlled 
by: 

1—Precision required 
2—Nature of surfaces (abrasive, 
smooth, or resilient) 

3—Temperature of surface 

4—Type of surface (internal or ex- 
ternal) 

5—Form of surface (flat or curved) 

6—Volume of production 

7—Weight of part 
8—Type of 
multiple items) 


inspection (single or 
9—Place of inspection (at machine 
or bench) 
10—Nature of inspection (indicating, 
sorting, or controlling) 
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Fig. 2. Ring Gage Application 


MECHANICAL FIXED GAGING 


Fixed gages simulate limiting sizes 
of mating parts. Plugs are used to 
check holes, and holes (rings) examine 
shaft-like elements. Special forms are 
available for slots, splines, tapers, and 
threads. Plug and ring gages (Figs. 
1 & 2) permit complete scrutiny of the 
part-revealing taper, out-of-roundness, 
bellmouth, and the like. Parts whose 
form do not permit access by a ring 
gage can be examined by the snap gage 
(Fig. 3). Snap gages are end- 
measuring only, and do not reveal in- 
accuracies as readily as the ring gage; 
multiple applications being necessary to 
thoroughly inspect a part. 

Fixed gages are available in several 
standard sizes and forms. Too often 
they are abused by applying too great 
pressure during gaging, or using after 
having been nicked or burred. Feel is 
important, and these gages should not 
be used on parts with tolerances under 
0.001 in. When setting snap gages, cyl- 
indrical masters should be used if the 
parts have curved surfaces. 


MECHANICAL INDICATING METHODS 


Indicating types of instruments re- 
veal the value of a dimension or show 
the magnitude of deviation from ideal 
size. Vernier calipers permit both 
internal and external dimensions to be 
measured on the same instrument. Mi- 
crometer calipers depend upon the pre- 
cision of their lead screws for reliable 
measurement. Both of these manually- 
operated devices have their readings 
varied by inconsistent contact pressure. 


MAX (BASIC) WORK SIZE [= 


ln —_.MIN 
WORK SIZE 

i—-- SPECIFIED WORK 

TOLERANCE 


EFFECTIVE WORK 
TOLERANCE 














GAGE TOL 


39V9 d¥NS 

















Fig. 3. Built-up Snap Gage 


Frequent comparison of “feel” is neces- 
sary for consistent results. Gage blocks 
or master disks should be used for 
checking vernier or micrometer set- 
tings. Worn contacts are corrected by 
adjustments within the instruments 
after contacts have been re-lapped flat 





COMPARATIVE READING METHODS 


Mechanical comparators assure con- 
sistent and reliable readings regard- 


and parallel. Measuring machines, with pressures to 2% lbs. Their lead screws 
accessories, are capable of handling are of higher precision than those in 
work 80 in. long with variable contact shop micrometers. 


TABLE 1, PLUG AND RinG GaGEe TOLERANCE 


Direction of 
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Fig. 4. Simple Mechanical Amplifier 








Fig. 5. Mechanical Dial Indicator 
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Fig. 6. Principle of Reed Comparator 


(Male Gages 


To and 
Above Inel. 


Only) 
xx x 


(Ring Gages 
Only) 


~ Z ZZ 





0.029— 0.825 
0.825— 1.510 
1.510— 2.510 
2.510— 4.510 
4.510— 6.510 
6.510— 9.010 
9.010—12.010 


0.00002 0.00004 
0.00003 0.00006 
0.00004 0.00008 
0.00005 0.00010 
0.000065 0.00018 
0.00008 0.00016 
0.00010 0.00020 


0.00007 
0.00009 
0.00012 
0.00015 
0.00019 
0.00024 
0.00080 


0.00020 
0.00024 
0.00082 
0.00040 
0.00050 
0.00064 
0.00080 


0.00010 
0.00012 
0.00016 
0.00020 
0.00025 
0.00032 
0.00040 





XX—Precision lapped (plugs or male masters only) 
X—Precision lapped plugs or rings 
Y—Lapped plugs or rings 
Z—Ground and polished (grinding marks may be in evidence) 


ZZ 


Ground only 


TABLE 2 


(for rings only) 


Fixep MECHANICAL Size Gages 





Sizes 


Accuracy 


For Work Tol. 





Solid Plug 
Adjustable Plug 
Adj. Length Gage 


Ring Gage 
Solid Snap Gage 
Adj. Snap Gage 


Flush Pin Gage 
Setting Discs . 
Gage Blocks .. 


0.002 to 12.010 in. 
2.500 to 12.500 in. 
8.000 to 60.000 in, 


0.029 to 12.010 in. 

0.002 to 60.000 in. 

0.002 to 12.000 in, 
Any 

0.002 to 8.010 in. 

0.010 to 20.000 in. 

by 0.0001 in, steps 





TABLE 8. 


to 0.00006 in. 
0.00010 in. 
0.00010 in. 


to 0.00005 in, 
0.00020 in, 
0.00080 in, 
0.00020 in. 
0.00005 in, 
(AA) 0.000002 in, 
(A)0.000004 in, 
(B)0.000008 in. 0.000050 in. 


0.001 in, 

0.005 in, 

0.003 in, to 12 in. 
0.005 in, to 30 in. 
0.010 in. to 40 in. 
0.015 in, to 60 in. 
0.001 in, 

0,002 in, 

0.003 in, 

0.005 in, 

0.0001 in, 
0.000005 in. 
0.000010 in, 


FIxep MECHANICAL GAGES FOR ALIGNMENT OR FORM 





Type 


Approz. Size 
Ranges in Inches 


Accuracy in Inches 





Surface Plate 
Cast Iron 


Granite 


Toolmaker's Flat 

Optical Flat 

Straight Edges 
Steel, knife edge 


Steel, rectangular .... 


Cast Iron 
Parallels 
Solid Steel .... 


Solid Cast Iron 
Cast Iron, Box 


Angle Irons 
Cast Iron 
Universal 

Squares 
Steel 
Cylindrical 

V-Blocks 


8% x4 to 36x68 
4 to 24 dia. 
8x12 to 96x192 


4 to 6 dia. 
2 to 10 dia, 


2to6 
12 to 72 
18 to 180 


5/16x%x65 to 
1%x8x12 
1%x8x24 to 
4x8x36 
4x4x6 to 
6x14x16 


2%x3x4 
8x4x5 to 8x9x16 


1 to 36 
3, 4, and 5 diameter 
1-3/8x1-3/8x1% to 
4x3x3 
5, 10, and 20 


0.0008 in 24 

0.0001 in 24 

0.00005 up to 24x36 
0.0002 for larger sizes 
0.000010 flat 
0.000002 flat 


0.0001 in 6 
0.0002 in length 
0.0005 in length 


0.0002 (size), 0.0001 (parallel) 
0.0004 (size), 0.0002 (parallel) 
0.0005 (size), 0.0005 (parallel) 
0.0005 (size), 0.0005 (paraliel) 
0.0005 (size & square in 6), & 
0.00025 (parallel in 6) 


0.0001 square 
0.0008 square and parallel 


0.0001 in 6 square 
0.0001 in 6 square 
0.0002 square and parallel 


0.00002 (length), 0.000025 
(edges parallel to studs) 


0 to 90 degrees by 1 sec. '/44 second of arc 
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Capacity 


TABLE 4, DIRECT-READING TYPES FOR S1zE 


Scale Grad Accuracy 





Vernier Caliper 
Micrometer Caliper 


Supermicrometer 
Measuring Machine 


0 to 6, 12, 18, 24, 36 
and 48 inches 
0 to % and 0 to 60 inchra 
by 1-inch steps 
0 to 10 inches 
0 to 80 inches 


0.001 in, 0.001 in, per in, 
0.002 in. per fi. 
0.001 in, 0.0002 in, per in, 
0.00005 in. per in. 
0.000005 in, per in, 


0.0001 in, 
0.00001 in, 





TABLE 5. DIREOT-READING TYPES FOR ALIGNMENT 





Type 


Capacity 


Accuracy 





Protractor 
Vernier Bevel 
Protractor 
Mechanical 
Dividing Head 
Optical 
Dividing Head 


12-in diameter for 180° 
12-in diameter for 180° 
24-in. diameter for 360° 


12-in. diameter for 360° 


% deg. 
5 min. 


spindle run-out 0.0004 in. 
830 sec. in 360° 

spindle run-out .0000265 in. 
2 see. in 360° 
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Fig. 7. Electric 


Gage Circuit 
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TABLE 6. MECHANICAL COMPARATORS 


~~ Seale G rad , Magnification 


Type ~ Range 





Test Indicators 
Belicrank Type 
Compound Lever 


0.010 in, 
6.020 
0.001 
0.010 

0.050 to 0.250 
0.010 to 0.050 
0.008 
0.00025 


0.001 
0.0001 
0.0001 
0.001 

0.0001 
0.0001 


Gear train type 
Dial Indicators 


Steel Reed, with 
light lever 


less of the operator, since contact pres- 
sure is constant. Some models provide 
adjustment of this pressure from % 
to 16 oz. to suit conditions and mate- 
rials being inspected. Magnifications of 
contactor displacement enable small 
size changes to be observed with ease. 
Amplifying levers are often attached 
to “fixed gages” to permit tolerance 
reading and establish uniformity of 
contact presure. A simple amplifier 
(Fig. 4) can be improved to a com- 
pact unit (Fig. 5) with greater range. 


COLLImMa?y On 


Fig. 10. Collimator for Checking 


Extending the contact spindle through 
a bearing at the top of the body and 
adding rack teeth, a system of com- 
pound gearing then permits easy read- 
ing of 0.0001-inch contact displace- 
ments in ranges up to one inch. Other 
mechanical elements are used, includ- 
ing the reed “frictionless” scheme. 
These are often augmented by an opti- 
cal (Fig. 6) or electronic magnifier. 


ELECTRICAL METHODS 


Electrical methods permit remote lo- 
cation of the indicating scheme away 
from dirt, vibration, and possible me- 
chanical injury. Capable of high mag- 
nification of contact displacement, they 
afford easy connection to process con- 
trolling devices, signal lights or sounds, 
or sorting transfers. 

The usual circuit is the familiar 
bridge arrangement, using inductance, 
resistance, or capacitance in the gag- 
ing head. Fig. 7 shows an inductance 
type. Contact spindles may also be ar- 
ranged to flex a metal strip to which 
strain gages have been cemented, or 
to vary a capacitance. Electronic am- 
plifiers magnify the unbalance created 


B2 


0.001 in, 


50:1 
35:1 
400:1 
500:1 

to 600:1 
to 1000:1 
to 600:1 


0.000002 to 20,000:1 


First Surfece Mirror 
ed justable for wer 


meer fications 








SIGNAL 
AMPLIFIER 














Sweee 
AMPLIFIER 














SEARCHING 
| unit 


Fig. 8. Ultrasonic Thickness Gage 
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TELESCOPE => 
Fig. 11. Telescope Application for Displacements 


by spindle displacement to indicate or 
record the variation. These compara- 
tive devices are initially set to zero 
by gage blocks or master parts. Piezo- 
electric crystal pick-ups are also used 
in gage heads for fine measurements. 
Magnifications from 700:1 to 25, 000:1 
permit observations in size from 0.0001 
in. to 0.00001 in. Estimation of partial 
scale divisions is justifiable if care is 
exercised and temperature control is 
used. 

Wall thickness of hollow parts, when 
inner wall is inaccessible, may be de- 
termined by impressing ultrasonic vi- 
brations on the exposed surface and ob- 
serving reflected wave pips (Fig. 8) in 
an oscilloscope. Contact with at least 
1 sq. in. of surface no rougher than 200 
microinches r.m.s. is required. Prac- 
tically all metals, glass, unfilled plas- 
tics, and some rubbers up to 4 in. 
thick can be inspected to an accuracy 
of 2 percent of material thickness. 

A somewhat similar method is to im- 
press vibrations through a quartz crys- 
tal element and ascertain the resonant 
frequency of the object. This permits 
thicknesses up to 12 inches in metal to 





TELESCOPE 
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be determined within about 5 percent. 

Non-magnetic films on magnetic ma- 
terials are measured by means of an 
inductance coil type gage head. Sep- 
aration of head from a low-reluctance 
material (by the coating) unbalances 
the bridge circuit sufficiently to indicate 
thickness on a calibrated microammeter. 
Its range is from 0.00012 to 0.500 in. 
at 10 percent accuracy. Plated coatings 
are also detected by measuring the 
torque required to separate a calibrated 
magnet from the work. Readings on 
coatings above 0.002 in. can be made 
to 10 percent precision. 


Gamma rays are used on walls up 
to 0.750 in. thick by beaming them on 
work at about 45°. Pick-up of back- 
scattered radiation gives material thick- 
ness readings to 3 percent accuracy. 
This portable scheme (25 lbs.) does 
not detect pinholes or fine cracks. 


OPTICAL METHODS 


Using shadow-picture principles, a 
projection comparator (Fig. 9) per- 
mits examination of part profiles to 
0.0001 in. and angles to 5 min. By add- 





ing surface illumination, reflected im- 
ages of embossed surfaces such as type 
faces are inspectable. Parts are gen- 
erally fixtured on the work table, ref- 
erence lines properly aligned with a 
chart screen layout, and the checking 
of many dimensions at one setting is 
obtained as quickly as the eye can ob- 
serve the magnified silhouette of the 
part. Highly accurate charts, showing 
limiting sizes, are used on screens from 
6 to 30 in. diameter at magnifications 
from 10x to 100x. 

Small areas may be observed on a 
toolmaker’s microscope. Dimensions to 
4 in. by 0.0001 in. and angles to 1 
min. are possible. Other microscopes 
with filar heads permit readings to 
0.00002 in. at 50x. Cathetometers per- 
mit reading vertically to 0.002 in. at 
distances of 60 feet. 

Telescopes are used in collimator 
applications as seen in Figs. 10 and 11 
to detect tilt to within 6 sec. at 50 ft., 
or displacements to 0.003 in. at 80 ft. 
Light rays from central point of G, 
leave collimator lens C in a beam par- 
allel to collimator axis, enter lens O 
at an angle W. Rays are focused at 
M, off the telescope axis. TM is pro- 
portional to angle W, and independent 
of distance between the two devices. 
Lateral displacement does not affect 
the image, except that light from col- 
limator must reach lens O. The use of 
a displacement scale, either in collim- 
ator or a target plug (Fig. 11) fune- 
tions by being displaced sideways off 
the telescope axis so that point H lies 
on this axis. Telescope is focused on 


LINE OF CONTACT LINE OF CONTACT 
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a an 


OPTICAL FLAT 


G, by knob K. Image H is formed at 
T, coincident with central mark of G,, 
while center point E of G, images at 
N. TN is a measure of lateral dis- 
placement EH of the axes, and is in- 
dependent of any inclination. TN is 
inversely proportional to separation 
of units. Actual scale is at G, and its 
image is compared with a simple cross 
at G,. When d equals one division on 
scale G., TN will appear as one divi- 
sion, regardless of the separation D. In- 
crease of D will decrease imaged divi- 
sion. Sensitivity decreases with separa- 
tion of the units. Quiet air between 
units is necessary for good results in 
collimators as well as cathetometers. 

Telescopes as used in transits can 
establish alignments to 0.001 in. in 60 
ft. Levels of the surveyor’s type can 
check to 0.024 in. in 100 ft. 

Optical flats from 1 to 10 inches in 
diameter, flat to one millionth of an 
inch, provide laboratory precision in 
checking surfaces for flatness and also 
comparison of gages. Monochromatic 
light (generally 0.0000232 in. wave- 
length) impressed on a flat causes in- 
terference bands to appear as seen in 
Fig. 12. When surface observed is not 
flat, bands appear in a contour map 
pattern, indicating nature of surface 
and degree of error. Fig. 13 illustrates 
a use of an optical flat for compara- 
tive measurement of pitch diameter of 
a thread gage. Light interference may 
also be applied to obtain absolute val- 
ues of a dimension. This involves use 
of a series of light wavelengths to 
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Fig. 13. Optical Flat Used to Check Pitch Diameter of Thread Gage 
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Fig. 15. High Back-pressure Type of Air Gage 
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Fig. 12. Light Interference Bands 
obtain measurements to one-millionth 
precision. 


PNEUMATIC METHODS 


Air gaging permits non-contact in- 
spection at high precision on parts 
whose surfaces may be fragile, por- 
ous, or of extremely fine finish. It is 
not generally applicable for work tol- 
erances over 0.005 in. 

One or more tiny jets in a special 
plug or snap-type gage impinge air 
upon the part, and variations in air 
escaping when parts are applied to 
the gage are registered either in a 
back-pressure or rate-of-flow instru- 
ment. Jet tips are below the surface 
of the piloting surface of the gage, 
and are protected from wear or in- 
jury. Special forms are available for 
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. 14. Low Back-pressure Type of Air Gage 
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Fig. 16. Manometer-type Back-pressure Air Gage 





inspecting gun rifling, splines, slots and 
the like. 

The back-pressure type (Fig. 14) 
was originally a low-pressure device, 
using a water column. Water level 
in the glass tube is depressed as back 
pressure increases when a closer-fit- ' MIN. SETTING RING 
ting part is gaged. Tank height limits tate eetinn 1 
this model to pressure of about 1 psig. 


This circuit is extremely sensitive, 
hence part surfaces must be clean and 
smooth for valid readings. High-back- 
pressure and flow type comparators FLOWMETER 
remove normal dirt and cutting fluids —_ 
at gaging points. 

Mechanical indication of back pres- 
sure (Fig. 15) using 30 psig. exit pres- 
sure allows inspection of oily parts 
during or after machining. Long con- 
duits incur time lags on indicating % 

BY-PASS 


GAGING HEAD 











~~ conpurt 


gage. Fig. 16 illustrates another pres- 
sure system. Line pressure air (1) is CARTRIDGE FLTER ADJUSTMENT 
fed through restrictors (2) to balanc- 
ing chamber (3). Balance is adjusted 
by pin (6), controlling orifice (5) 
mounted on a flexible disk (4). Air also 
passes to measuring column chamber rr 
(7) where air-liquid compartments are a 


. 17. Retameter (flow) Application to Air Gaging 


separated by disk (9) and then on to resi 
gage head (10). When work is pre- om 
. ae E8CarE 

sented to the gage head, the jeweled Gaoove 
contactor is depressed towards the jet = cx guiehs aadoce ne & } 
in the head, restricting air escape. In- = a a nee ‘Yao 
creased pressure in the circuit produces SS j 
a rise in the liquid column (8) pro- ak 
portional to the change in part size. neour ston ateu ateo 
Surplus air is bled to atmosphere 
through orifice (5). Back-pressure tech- =< pe s i wozz.es 
nique is also applied to a pneumatic 2€0 adsustwEnT 
4-arm bridge circuit. This compact unit ; (O@L€€0 vaive) 
is calibrated by one set-standard, in- 
stead of the conventional two, to 
0.00005 inch. Crameee 

Magnification for pressure types 
varies from 750:1 to 10,000:1, permit- 
ting scale graduations to show as fine TOLEMANCE Limi? POMTERS (adsusTARLE ) 
as 0.00001-inch size variation. Z 
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Flow-type circuits use similar gage poten 

heads, are set up in the same manner a 
using master rings or plugs, yet per- 
mit use of conduits as long as 50 feet = 
before suffering from noticeable lags 
at the indicator. Magnifications up to Pig. 18. Venturi (Sew) Type of Air Circuit 
100,000:1 are possible, making read- 
ings of 0.000001 inch readily seen. Con- 
stant-pressure flow-rate meters of the 
rotameter type (Fig. 17) change mag- 
nification (1,000:1 to 100,000:1) by 
changing the tapered bore of the tube. 
By-pass bleeders permit quick zeroing 
and magnification adjustments. This is 
important when gage wear occurs, for 
it permits continued use by simply 
altering valve settings. Rotameter tubes 
can be grouped closely together, thus 
making possible the inspection of as 
many as thirty dimensions by glancing 
at the row of tubes. Such multiples 
would not be feasible with dial type de- 
vices, that are usually limited to three 
dimensions. Rotameter-type gages with 
special gage heads have been adapted 
to measure surface roughness, size of 
textile fibers, etc. 


SS 








Air flow may also be measured by 
Venturi section (Fig. 18). Velocities at 
the outlets of tubes 1 and 2 will differ, Fig. 19. Three-wire Method of Pitch Diameter Measurement 
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Roughness height 
Waviness height 0.0005 in. 


Lay 
Roughness width 0.030 ir 
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Fig. 20. Surface Roughness Designation 
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Fig. 22. Photoelectric Inspection of Continuous Strip Material 


causing a pressure differential on the 
diaphragm, whose motion is_trans- 
mitted to dial pointer through a me- 
chanical linkage. Gage nozzle insertion 
in a part decreases the flow (velocity) 
of air in the circuit. Minute changes in 
jet-work clearance are amplified in the 
Venturi-diaphragm circuit. 

Pneumatic comparators are also used 
on parts that are porous or rough 
(above 63 microinches r.m.s.) or have 
interrupted bores. Contact-type gaging 
heads, using ball or blade contacts that 
restrict air exit from jets behind them, 
permit extending these comparators to 
wider fields of application. These units 
can be used in any position and are 
so compact that they can be fixtured to 
check multiple dimensions on odd- 
shaped parts with ease. 


SPECIAL TECHNIQUES 
Threads are inspected by adding 
thread-like elements to fixed gages, 
micrometers, and comparator con- 
tacts. Projection comparators are ex- 
cellent for examining thread profiles— 


except pitch diameter, the most impor- 
tant dimension. Pitch diameter is de- 
termined, indirectly, by a “3-wire” 
method (Fig. 19) using suitable end- 
measuring instruments. Neglecting 
helix angle effect (less than 0.0001 in.) 
for any number of threads per inch 
(n) of American National Form: 


0.86603 
Pitch Diameter = M + — 3G 
n 

Gears are inspected on equipment 
especially designed by that industry. 
Examination of gears for eccentricity, 
backlash, tooth profile, helix angle, 
load distribution and noise is made on 
comparator-type machinery involving 
the use of master gears or assembly 
mates. Indicating and recording models 
are available. 

Surface Roughness Designations are 
shown in Fig. 20. Standard specimen 
blocks for shop use by sight and feel 
comparisons range from 2 to 500 mi- 
croinches. Surface appearance is af- 
fected by type of machining process, 


(Herght) 


Mt Roughness (Width) 


hence several surfaces of identical 
roughness are included in the sets. Di- 
rect measurement of surface quality 
is obtained by using piezoelectric or 
inductance type pick-ups, using a tracer 
stylus of 0.0001 in. or 0.0005 in. ra- 
dius. Oscillographic recording or sim- 
ple indicating instruments, actuated 
by amplifiers of the tracer signals, 
complete the apparatus. Optical 
schemes are also available, but lack 
portability and scanning capacity. 


AUTOMATIC INSPECTION— 
PIECE-BY-PIECE 


Large-volume production can be in- 
spected by any of the conventional 
comparator schemes, and by adding au- 
tomatic handling mechanisms, parts 
may be conveyed into reject or accept 
compartments. Accepted parts may 
vary considerably from one another, 
yet assemble satisfactorily if mates 
have been selected according to a pre- 
determined sorting pattern that groups 
parts of like variation from ideal size. 
Handling mechanisms are tailor-made 
to suit each part. 

A simple device for sorting balls 
consists of two bevelled straight edges, 
separated to form a wedge-shaped slot, 
and inclined so that the balls may 
slowly roll down the widening. slot. 
Containers beneath the slot are spaced 
as desired to catch the balls at in- 
tervals of size. Sphericity may be 
checked by an inclined plate bounce 
test, or repeated passes on the slot 
device. 

Gaging heads are full electrical or 
pneumatic-electrical; air being used on 
highly finished parts to gage the parts 
and also actuate relays to electrically 
divert gaged parts into size differences 
as fine as 0.00001 in. Electronic sorting 
circuits use thyratron tubes, preset to 
fire at slightly different voltages that 
are originated in the electrical gaging 
head. Multiple gaging heads are often 
employed to realize inspection rates of 
4,000 units per hour or more, depending 
on the complexity of the part. 

Ultrasonics has been applied to the 
inspection of cavity volumes, such as 
cylinder bores. Using the familiar or- 
gan pipe resonance principle, it affords 
an accuracy of 1 part in 1500 at produc- 
tion rate of 100 pieces per hour. 
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Fig. 23. Continuous Inspection of Strip by Single-beam X-ray 


AUTOMATIC INSPECTION— 
CONTINUOUS STRIP 

Modern strip and wire fabrication is 
too speedy for manual or intermittent 
inspection. Sizing is extremely import- 
ant as uniformity is vital to successful 
subsequent processing operation on the 
material. 

Control of material rigid enough 
to permit use of contact rollers can be 
gaged to 0.0005 in. by using a floating 
gage head. The gage may indicate vari- 
ations on a dial indicator, or actuate siz- 
ing devices in the processing machinery. 
Electrical gaging, with damped instru- 
ments, permits control to 0.0001 in. 
These work excellently on coaters and 
extruders. Fig. 21 shows a circuit for 
balancing process equipment when size 
variation actuates a contactor that 
moves the core of a differential trans- 
former pick-up. 

Air jets are suitable where the ma- 
terial cannot be contacted because of 
its fragility, resilience, or surface qual- 
ity. By using balanced diametrically- 
opposed jets, some flutter of the ma- 
terial is permissible even at high speeds. 
Readings as fine as 0.000002 in. are 
possible, 

A photoelectric measuring device 
(Fig. 22) contains a measuring aper- 
ture whose effective area is varied as 
thin strip or thread-like material passes 
by it. A scanning disk rotates between 
apertures and photocell, exposing each 
of three apertures in sequence. This 
results in three voltage pedestals being 
fed to the amplifier, in timed sequence, 
synchronized with the disk. The three 
voltages are each amplified in a com- 
mon circuit and applied to the vertical 
deflection plates of the oscilloscope. 
Sweep voltage is applied to the hori- 
zontal plates so that termination of 
each viewing cycle occurs simultane- 
ously with the scanning disk alterna- 
tions from one aperture to another. 
This device will perform in bad atmos- 
pheres if the aperture is kept clear by 
an air blast. Controlling or indicating 
devices may be added to inspect ma- 
terial up to 1.2 inches thick at 0.0001 in. 


TAKE-UP 
REEL 


accuracy. Flutter as much as 0.40 
inches is permissible, but it reduces the 
accuracy of instrument to 0.001 in. 

X-rays are absorbed by a material, 
depending upon its density. Fig. 23 
shows a means for measuring sheet ma- 
terial by using a single beam to detect 
the unabsorbed radiation. A two-beam 
arrangement (Fig. 24) passes the ref- 
erence beam through the gage wedge, 
striking a detector unit where a photo- 
tube is excited by fluorescent material. 
Output is a measure of the difference 
between intensity of reference beam 
and a standard within the detector. 
Material from 0.001 to 1 inch thick may 
be examined at an accuracy of about 2 
percent. 

Beta-rays use a weighing principle. 
Strip material from 0.0002 to 0.145 
inches thick and textiles from 5 to 150 
oz. per sq. yd. can be accommodated at 
2 percent accuracy. Speed of travel of 
the material does not affect its preci- 
sion, but films of moisture, oil, or a pro- 
tective coating will be registered in the 
gage. Beta rays are emitted from a 
small radioactive source, chopped 90 
times per second, and sent through the 
material into an ionization chamber 
receiver for energy measurement. The 
90-cycle signal produced is compared 
to a reference signal from a generator 
operated from the chopper shaft. Life 
of the source is estimated at over 2! 
years, and its radiation at one foot is 
less than the maximum allowed for 
safety. 


SPECIAL INSTRUMENTS FOR THE BLIND 


Precision work and measurements, 
heretofore considered feasible only by 
sighted people, can be accomplished by 
the blind. Special designs utilize the 
faculties which can be used by sightless 
persons. 

A standard one-inch micrometer cal- 
iper plus a simple vernier sliding bar 
and a collar provide a means of meas- 
uring sizes accurately within ( 0002 in. 
by touch. Raised lines on the vernier 
and the collar replace the usual num- 
bers. The “mike” is set to the part to 
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Fig. 24. Continuous Inspection of 
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Strip by Double-beam X-ray 


be measured and size to the nearest 
0.025 in. is determined by sliding the 
vernier bar up against the lower edge 
of the knurl, then locating, with the 
fingernail, the two raised lines of the 
vernier most nearly in line. Measur- 
ment to less than 0.001 in. is accom- 
plished by feeling the position of the 
raised lines on the collar with relation 
to a fixed point on the bar. 

A special design of height gage uses 
increments of one inch, obtained by a 
spring-loaded pawl in accurately cut 
slots in a beam. The increments are 
subdivided into 0.100 in. increments by 
means of ten precise slip gages. These 
gages are pivoted to a saddle and are 
swung in line with a micrometer spindle 
as needed. Further subdivision of the 
measuring head is accomplished by a 
notched micrometer screw to permit 
readings to 0.001 in. This scheme is 
also applicable to vernier calipers. 

Comparator-type gages of the visual 
type can also be made convenient. 
Where the indication of the gage is in 
the form of red-orange-green lights to 
denote undersize-OK-oversize, the in- 
strument can be altered by substitut- 
ing a sound generator, which provides 
three tones to replace the three lights 
of the conventional gage. Operators 
listen either through an ear plug or 
from a small speaker. Such compara- 
tors may be set to inspect to within 
twenty-five millionths of an inch. 
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DAYTON 1, OHIO, U.S. A. 
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Gaertner OPTICAL INSTRUMENTATION 


The Toolmakers’ Microscope provides a means of making 


fast accurate measurements in shop or laboratory of tools, 


dies, gages, form tools and small piece parts and is the 
best way we know of to maintain the high quality of your 
products. Bulletin No. 147-50 tells the story in detail. 


Write for your copy. 


MICROMETER 
SLIDE COMPARATOR 


Measuring Microscopes 
Spectroscopes 
Spectrographs 
Densitometers 


. Precision Scales 


Linear and Coordinate Comparators 
Divided Circle Spectrometers 
Optical Benches 

Telescopes and Collimators 

Creep Test Instruments 
interferometers 


M1 180-300 


Precision Optical Measuring Instruments for Laboratory and Shop 


M200iARS TOOLMAKERS' MICROSCOPE 


Write for. Bulletins and the 
Index to Gaertner Literature. 


THE GAERTNER SCIENTIFIC CORPORATION 


1235 Wrightwood Avenue 


Chicago 14, Illinois 








OPTICAL 
GLASS 
AND 
BLANKS 


Production Facilities of Hayward Offer Complete 


Melting, 


Sawing, Molding and Annealing Services 


for More Than 50 Types of Optical Glass. 


Specific 
Request. 


Information and Catalog Will Be Sent Upon 


HAYWARD 
SCIENTIFIC GLASS CORP. 


217 N. Magnolia Ave., Whittier, California 
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for Dimensional Control 


Indicators — over 80 different models, 
ranges, sizes, graduations, styles — for 
every accuracy, space, and visibility 
requirement. Indicating Gages of all 
types including snap, hole, depth, 
caliper, etc., and special. 
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Multiple dimensions inspected simul- 
taneously and quickly. (1) A single or 
individual light indicates at a glance if 
One or more dimensions are wrong. Or 
(2) separate lights identify incorrect 
dimensions and indicators show bow 
much, 


Federal Dimensionair: Greatest meas- 
uring range of any air gage —.003” 
with 2500 to 1 magnification. Most 
modern air gage. Available in various 
applications and combinations with 
Electrical and Electronic gages. Send 
for new complete catalog. 


ite, thes ame aaete a 


_ AUTOMATIC SORTING GAGES 





Call us in on the job when you start planning 
your gage requirements. We have helped 
many plants solve their gaging problems and 
we can help you too. Let us know your 
requirements. Federal Products Corporation, 
1105 Eddy Street, Providence 1, Rhode Island. 
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EDERA 


Invaluable for selective assembly 
methods of production. Parts are 
measured and sorted into any number 
of dimensional categories with great 
accuracy and speed. 100% inspection 
without interfering with production 
schedules. Semi-automatic or hand fed. 





Grinding operations automatically 
and consistently size controlled—with 
exceptional accuracy. Also bare wire, 
insulated wire, glass tubing, steel rods, 
sheet, and similar continuous material 
is not only gaged in process but size- 
controlled by automatically adjusting 
the machine to compensate for varia- 
tions out of tolerance. 
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Federal can process engineer, design, 
and build complete sets of gages for 
any production job: Can often save 
money for you by modifying stock 
gages. Consult Federal before you 
process your next job. Save time and 
money and get better gages. 








Largest manufacturer devoted exclusively to designing and 
manufacturing all types of DIMENSIONAL INDICATING GAGES 


GAGE BLOCKS 
(JOHANSSON) and accessories. 


JOHANSSON Short deliveries. Inspection and re- 
conditioning service available at our 
GAGING i 
INTERNAL INDICATORS 
EQUIPMENT (for inside measurements .155 to 24 
inches). Scale range plus or minus .001 


graduated to .000! and minus .020 


graduated to .0001. 

Assures You Precision to the MIKROKATOR 
Finest Degree, to Meet Your 
Most Exacting Requirements— (Amplifier—for outside measure- 
eaieadl toes thn 00 6 ments) Graduations .000! to .000002 
acked by the Name Supreme =. 001M to .0002 M. 
in the World of Measurement. 

Swedish Johansson Gage Blocks OTHER JOHANSSON PRODUCTS 


are checked for accuracy by e 
the latest scientific method, Micrometers, Snap Gages, Extensom- 


the atomic light, utilizing the eters, Dynamometers, Hardness Test- 
lightwaves emitted from the 


Mercury isotope 198, now in ers, Surface Finish Indicators, Inter- 


use af the standard Bureaus ferometers, Pl Rin an ecial 
throughout the world. sromerers, Mugs, gs d Sp 
Gages. 


C. E. JOHANSSON GAGE CO. 


A DIVISION OF SWEDISH GAG 
10641 HAGGERTY AVE. © BOX 4086 NORTHEASTERN STATIO 
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OF OPTICAL COMPONENTS 


Lenses, prisms, aspheric apse 
complete optical instruments mn 
speciz! order oF by the ameage 2 
precision- made to millionths : 
inch tolerances. The produc a 
facilities of Tinsley snag 4 
producing optical components a 
microscopic dimensions to the larg : 
optical glass blanks ever processed. 
Send us your specificati 


are involved, our facilities 
at reasonable rates. 


WM. I. MANN CO. Tinsley 


MONROVIA, CALIFORNIA 
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MICROLAM* coLor PANELS 
MARKS" PoLARIZED PANELS 
SPREDLITE™ piFFUSION SCREENS 


- * . 
Microlam Color and Polarized Panels 
may be readily cut to size, polished, 





We Manufacture 10” x10” Panels 


of Laminated Glass. . 

having a stable thin lamination which 
is colored to meet optical requirements 
of photographic suppliers or instrument 


edged or drilled. 


Marks* Polarized Panels 


are stable, uniform, and have good 
extinction. 








makers. Military specifications rigidly 


adhered to. Spredlite* Diffusion Screens 


provide wide angle diffusion for rear 
projection devices. 
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High Precision Optical Components 
Any Size Gor 
Astronomical and Physical Research Requirements 


PARABOLIC, SPHERICAL, ELLIPSOIDAL, and PLANE MIRRORS 
PLANE PARALLEL PLATES 


Schlieren Systems — Interferometer Plates 


LENSES AND PRISMS OF GLASS 


Natural or Synthetic Crystals 


COMPLETE OPTICAL and MECHANICAL INSTRUMENTS 


Made to Specifications 


HIGH VACUUM COATING 


JOHN UNERTL OPTICAL CO. 


3551-55 East Street 
Pittsburgh 14, Pa. 





























10 years of research ... over 75 years of pump manufacturing experience ++ 


A. POSITIVE DISPLACEMENT 
METERING 


B. NO FRICTIONAL PARTS 
IN LIQUID END | 


¢. CONTINUOUS FLOW 
CHARACTERISTICS 


Check and compare 
with any other pump 


“No stuffing boxes 


sor in 
High speed, self cleansing valves 


The mn-MeGannemeter— ihe meter that 
pumps” —establishes an en y new set of stand-  Hydraulically balanced 


ards for precision, accuracy and reliability in 
small volume metering and proportioning.  Stepless volume control 


SPECIFICATIONS—Series “A” ™ Automatic vapor venting 


Effective capacity range: 5 c.c. to 6 gal. per hr. 
Standard pressure range: to 2500 psi (special  Downhill* meterin 
designs to 10,000 psi). g 


If you have been looking for a pump that will 
precisely meter a wide output range of small vol- 
ume flows, here is the answer. Write today. 
HILLS-McCANNA CO., 2364 W. Nelson St., 
Chicago 18, Illinois. 
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CHAPTER V 


FLOW-RATE MEASUREMENT 
By ROBERT L. GALLEY 


INTRODUCTION 


HIS chapter deals with the most 
common types of flow meters as 
applied to a closed conduit or pipe line. 
In any measurement, use must be 
made of accepted standards. In meas- 
uring flow rate there are only two meas- 
ured values—time and quantity. Time 
is defined in internationally accepted 
units of seconds, minutes, and so forth; 
quantity is defined in many standards 
of both volume and weight. 
Flow-rate measurement.—The “meas- 
urement” of flow rate means the indi- 
eation or recording of the instanta- 
neous flow of a gaseous or liquid stream 
in a pipe line. The measurement is 
expressed in volumetric or in gravimet- 
ric units per time unit—for example, 
gallons per minute, cubic feet per sec- 
ond, or pounds per hour. 


8. Sharp-edge thin-plate orifice 
(fixed) 
4. Pitot tube (with variations) 
5. Annular orifice 
6. Moving orifice 
7. Adjustable orifice 
8. Centrifugal (impact elbow, 
scroll-case) 
B. Variable-area meter (with con- 
stant head or pressure drop) 
1. Rotameter 
2. Swinging vane (force) 
3. Piston or plug 
C. Rotating member 
1. Anemometers (propeller or ro- 
tor or turbine) 
2. Rolling-ball 
D. Electrical 
1. Heater type (thermal) 
2. Electromagnetic 
3. Sonic 
E. Mass-flow 


(spinner) meters 
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Fig. 1. Orifice 


The measurement of quantity of 
fluid in pounds, gallons, cubic feet, and 
so forth, which is the summation, total- 
ization, or integration of the flow, may 
or may not be made along with the 
measurement of flow rate. 

Flowmeters.—A flowmeter is a device 
or instrument which measures the rate 
of flow of a liquid or gaseous fiuid 
in a conduit and which produces a 
visual indication of the rate of flow. 

Classification of flow-rate meters.— 
The following outline lists the best- 
known classes and types of flowmeters: 

A. Head meter (variable differential- 
head with constant area of flow pas- 
sage) 

1. Venturi tube (with variations) 
2. Flow nozzle (sometimes known 
as a rounded-approach orifice) 


Fig. 2. Nozzle 


HEAD METERS 


Head meters utilize the principle of 
the conservation of energy, which 
states that the energy contained in a 
fluid stream under pressure may be 
converted from one form to another 
and back again, the total energy re- 
maining constant. The three forms of 
energy, or head, existing in a fluid 
stream are elevation head, velocity 
head, and pressure head. When the 
velocity increases, it does so at the 
expense of pressure head. Likewise, a 
velocity decrease in a pipe line is 
accompanied by a pressure increase. 
Clemens Herschel first used this princi- 
ple to measure flow when he built the 
first “Venturi tube” in 1887. He proved 
that a consistent relationship existed 
between the velocity and the static 


Fig. 3. Venturi 


pressure through the tube. Thus, the 
modern head meter operated by the 
pressure, or head, differential through 
a flow element came into existence. 
The square-root law of flow.—The 
differential head bears a square-root 
relationship to the flow rate because 
the velocity head (kinetic energy) is 
proportional to the square of the flow- 
ing velocity. It can be shown that the 
change in velocity through a pipe-line 
restriction of any shape or type can 
be expressed as the square-root of the 
pressure drop. This leads to the flow 
formulae given later in this chapter. 
Head-meter elements.—A head meter 
consists of at least two parts—(1) a’ 
restriction, or primary device, in the 
pipe line, which alters the velocity of 


tthe fluid stream and produces a differ- 


ential pressure, and (2) a measuring 
element, which measures the differen- 
tial pressure drop. The pressure drop 
is translated into flow-rate readings in 
several ways. 

The restrictions that produce the dif- 
ferential pressure are classified in four 
types—orifice, nozzle, Venturi, and 
Pitot. An orifice (Fig. 1) is a hole ina 
thin disk that is inserted between 
flanges in the line. A nozzle (Fig. 2) 
is an orifice with a flared or rounded 
approach section. A Venturi, or Ven- 
turi tube, (Fig. 3) is a fitting consist- 
ing of a “throat” preceded by a con- 
vergent section and followed by a di- 
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vergent section. A Pitot tube (Fig. 4) 
is a velocity probe that receives the 
full impact of the stream and converts 
the entire velocity head into pressure 
head. 

A Pitot tube points straight into the 
stream; it measures the velocity only 
where the Pitot opening occurs. Pitot 
tubes are not used much at present 
except for low-pressure gas work, such 
as fans, blowers, and so forth, where 
their asset—low pressure loss—is im- 
portant. Each Pitot tube installation 
must be calibrated individually by a 
pipeline traverse. 

There are numerous variations of 
shapes and combinations of the four 
basic types of restriction, as shown in 
Figs. 4 and 5. However, for most flow- 
meter work, one of the four basic types 
described usually does as well as one of 
the elaborate adaptations. 

Choice of — Flowmeter 
users often ask how to choose between 
types of restriction. Use orifice 
whenever possible. On average appli- 
cations where the fluid is relatively free 
of suspended solids, and where pump- 
ing costs or pressure losses are not a 
serious factor, the thin-plate square- 
edged orifice is outstandingly superior 
and is used almost exclusively. It is 
the most accurate on service to which it 
is adapted and more research data is 
available on it than on any other type. 
It can be easily made and duplicated— 
there are no contours to match, and 
the thickness, up to certain limits, is 
relatively unimportant. It is relatively 
inexpensive, is convenient to install, 
remove, and replace, and is easy to 
clean. Its only drawback is the ineffi- 
ciency with which it produces pressure 
drop, because it consumes more pres- 
sure in the piping system than other 
types. However, this factor is unim- 
portant unless the application is one 
in which every ounce of pressure loss 
is important. 

Accuracy in the primary device de- 
pends solely on the accuracy of the 
flow-coefficient value and on the care 
used in making and installing the de- 
vice. 

In applications where the orifice ac- 
cumulates foreign deposits from the 
fluid stream, a nozzle or venturi tube 
is recommended. 

The choice between the nozzle and 
the Venturi tube is not a matter of 
accuracy, but of (1) piping layout 
(the Venturi tube is long and bulky), 
(2) cost (the nozzle is much cheaper), 
and (3) pressure loss (the Venturi tube 
is more efficient and consumes less 
pressure than the nozzle). Fig. 6 shows 
pressure loss through an orifice, a 
nozzle, and a Venturi tube. For an 
orifice, the pressure loss (expressed as a 
percentage) is nearly equal to (1—B’) 
where B (Beta ratio) equals orifice 
diameter divided by pipe diameter. The 
graph shows the advantage of a Ven- 
turi over both orifice and nozzle in 
pressure loss, whereas the nozzle is 
only slightly better than an orifice. 
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Don’t confuse pressure loss with pres- 
sure drop. The drop is the measured 
differential pressure read by the flow- 
meter, the loss is that part of the drop 
which, due to turbulence, is not re- 
covered when the fluid stream returns 
to full pipe diameter. 
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Fig. 5. Types of primary elements. 


The relative characteristics of ori- 
fices, flow nozzles, Venturi tubes, and 
Pitot tubes are shown in Table I. 


FLOW FORMULAE 


All types of primary elements fol- 
low the same square-root law. The only 
difference in the calculation in the 
numerical constant, or multiplier. The 
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TABLE I 
Application Orifice 
Considerations 


Accuracy Excellent Good 


for Li- 
Containing 
in Suspension 


Suitability 
quids 
Solids 


Poor Good 


Pressure Recovery Poor Poor 


Suitability for Vis 
cous Flows Fair Good 


Low 
s17¢8 


cost in large 
Fair 


Low small 


BIZC8 


cost in 


Excellent Fair 
Excellent if 
flow is in up- 
ward direction 
through a ver- 
tical conduit 


Suitability for Li flow 
quids Containing 
Traces of Vapors. 
tical 
Excellent -if 
flow is in a 
downward di 
rection through 
a vertical con- 
duit 


flow 
for Gases 
Traces of 


Suitability 
Containing 
Condensate. 
duit. 


Ease of changing 
Capacity. 


Excellent 


Flow Nozzle 


is 


ward direction 
through a ver 


basic flow formula is: flow rate equals 
a numerical constant times the square 
root of pressure differential times the 
square root of fluid density. 

This is the basic head-meter formula 
and applies to all conditions of pipe 
size, fluid, pipe taps, shape of primary 
element, and so forth. All of these 
factors are combined in the numerical 
constant. 

The derivation of the numerical con- 
stant involves (1) a numerical factor, 
(2) the flow coefficient (not discharge 
coefficient), and (3) the square of the 
hole or throat diameter. 


The numerical factor takes into ac- 
count (1) the conversion of hole or 
throat area from square feet to square 
inches, (2) the square root of twice 
gravity—that is, V2g, (3) the conver- 
sion of pressure drop from feet of 
metered fluid to inches of water, or to 
whatever terms are desired, and (4) 
for gas flow, a correction (called the 
“compressibility factor’) for change 
of gas density as it flows through the 
opening. 


The flow coefficient is an experimen- 
tally-derived number (roughly between 
0.6 and 1.0), which is based on experi- 
mental research. Flow coefficients are 
now standardized in this country and 
abroad for various sizes of orifices, 
nozzles, venturis, and so forth. They 
can be found in the technical publica- 
tions of scientific bodies such as the 
American Society of Mechanical En- 
gineers, the American Gas Associa- 
tion, and the Bureau of Standards. 
This coefficient, which is usually desig- 
nated by the letter “K,” can be thought 
of as the turbulence factor, or the ef- 
ficiency with which velocity changes 
are converted to pressure-drop changes. 
The smoother the flow through the 
orifice or nozzle, the higher the co- 


Cueck List or PRIMARY Devices 


Pitot Tube 


Venturi 
Tube 


Good for 
measurement. 
measurement of total 
flow, a velocity tra 
verse is necessary for 
good accuracy, 


one-point 
For 
Excellent 


Excellent Unsatisfactory 
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Poor Excellent 


Poor Good 


Excellent — if 


in up- 
Excellent 
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Excellent 
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di Excellent 


Impossible 





efficient; the more turbulent the flow, 
the lower the coefficient. A venturi 
tube has a coefficient very close to 
unity, whereas a flat-plate orifice has 
one between 0.6 and 0.7. The venturi- 
tube, therefore, produces a differential 
pressure more efficiently than the ori- 
fice. The flow coefficient is found by 
flowing a liquid through the device 
under test, and by weighing the amount 
passed during a given time. When the 
weighed amount of fluid is divided by 
the theoretical amount obtained from 
the area of opening and the velocity 
through the opening, the quotient 
equals the flow coefficient. Published 
coefficients are tabulated according to 
pipe size, pressure-tap spacing, ratio 
of hole diameter to pipe diameter, and 
Reynolds number. Reynolds number is 
explained later in this chapter. 

The square of the hole or throat di- 
ameter is used in expressing the area 
of the fluid stream passing through 
the opening. An example shows how 
the flow formula is developed for a 
particular orifice, nozzle, or venturi. 


EVOLUTION OF THE FLOW FORMULAE 


This development is for incompress- 
ible fluids (liquids) only, because a gas 
expands in flowing through a restric- 
tion, thus causing “compressibility” 
errors due to large drops in low-pres- 
sure mains. Another factor not con- 
sidered in this development is the error 
due to thermal expansion or contrac- 
tion of the hole. This error occurs 
when the temperature of the flowing 
fluid is not the same as the tempera- 
ture of the hole when it was measured. 


Step 1.—Evaluation of numerical fac- 
tor for any orifice, nozzle, or venturi.— 
The conversion of hole diameter in 
inches to hole area in square feet re- 
quires the use of the factor r/ (4144), 
or 0.00545. 

Another factor used is 2g, or 8.02. 

The differential head of flowing 
fluid in feet is converted into inches 
of water at 68 F. by use of the factor 
V62.32/12, or 2.28. 

The factors are combined to give 
the numerical factor as follows: Nu- 
merical factor for flow rate in lbs. per 
sec. equals 

0.00545 « 8.02 « 2.28 = 0.0997 
Therefore, the numerical factor in lbs. 
per hr. equals 
0.0997 x 60 x 60 = 358.9 

The factors 0.0997 and 358.9 are in 
common use in many flow formulae 
for head meters. 

Step 2.—Evaluation of numerical 
constant for a specific orifice.—Con- 
sider a particular pipe-line installa- 
tion where the hole diameter is, say, 
3.000 inches and the flow coefficient is, 
say, 0.6342. 

Numerical constant for flow rate in 
lbs. per sec. = 0.0997 x 0.6342 x 

(3.000) 2 = 0.569. 

Step 3.—For the same specific orifice 
in the same pipe-line installation, the 
flow rate at any instant in lbs. per sec. 
is 





0.569 x Vliquid density (lbs. per cu. ft.) 
XVpressure drop (inches of water) 
Step 4.—Assuming, for illustration, 

that a liquid having a density of 64.0 

lbs. per cu. ft. is flowing, and that the 

pressure drop at any instant is 100 

inches of water, then the flow rate 

equals 

0.569 x V64.0 x 100 = 45.5 Ibs. per sec. 
As it is inconvenient to consult tables 

of flow coefficients to calculate flow for 

a given orifice installation, flowmeter 

manufacturers have devised ‘“short- 

cut” working formulae, nomographs, 
slide-rules, and so forth, to aid in rapid 
solution of flow problems. All of these 
aids are based on some variation of the 
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basic flow formula: Flow-rate = Nu- 
merical Constant \VFluid Density x 
VPressure Drop. The author’s favorite 
working formula and curve for ori- 
fices, nozzles, and venturis are given 
in Fig. 7. 

For compressible fluids (gases) the 
flow calculations are more complex and 
rigorous. However, for an approxima- 
tion, the liquid formulae evolved above 
and also illustrated in Fig. 7 can be 
used to a fair degree of accuracy for 
any gas provided you select a pressure 
drop in inches of water numerically 
smaller than the upstream gage pres- 
sure in lbs. per square inch. The gas 
density (in lbs. per cu. ft.) must be 
known. The flow rate is calculated in 
pounds per second (or minute or hour). 
If the answer is required in cubie feet 
of gas at any desired base standard 
(such as 30 in. mercury and 60 F.), 
the weight flow-rate in pounds can 
easily be converted to volumetric flow- 
rate by using the proper gas density 
as a divider. The reader is referred 
to the publications of the American 
Gas Association (AGA) and the South- 
ern California Meter Association 
(SCMA) for further details on gas 
measurement. 

The expansion or contraction of the 
hole diameter in service is handled 
easily by applying the proper coeffi- 


cient of thermal expansion to the meas- 
ured diameter to obtain the actual 
hole diameter at the temperature of the 
flowing fluid. 


Use of flow formula.—The capacity 
factor curve of Fig. 7 enables one 
quickly to calculate correct hole size for 
making an orifice installation. This 
capacity factor is made up of the nu- 
merical factor (358.9) for lbs. per hour, 
times the flow coefficient, times the 
square of beta ratio. Beta ratio (B) 
is the ratio of orifice hole diameter to 
actual pipe diameter at the inlet pres- 
sure tap. 

To use the graph, first convert the 
desired flowmeter capacity to pounds 
per hour, if it is given in other units. 
Then choose the most desirable flow- 
meter pressure differential in inches of 
water. The square root of the product 
of fluid density and inches of water 
differential, multiplied by the square 
of pipe diameter (in inches), and all 
this divided into flow (in pounds per 
hour) gives the capacity factor. Then 
from the graph select the beta ratio 
corresponding to capacity factor thus 
found. Multiplying beta ratio by actual 
pipe diameter gives correct hole size. 

To calculate flow rate from a meas- 
ured pressure differential across a 
given orifice, work from known beta 
ratio to obtain flow rate in pounds per 
hour. 


REYNOLDS NUMBER 


The Reynolds number, which is 
named after Sir Osborne Reynolds, a 
British scientist, expresses the degree 
of fluidity of a flow stream. It equals 
velocity times hole diameter times fluid 
density, all divided by viscosity. 

The Reynolds number is inversely 
proportional to the fluidity of the 
stream. Therefore, a sticky fluid has 
a low Reynolds number (say 100), and 
a free-flowing fluid has a high Reynolds 
number (say 1,000,000). 

The Reynolds number is a dimension- 
less number because all the units in the 
formula for the number cancel out. For 
example, if velocity is in ft./sec., and 
hole diameter is in ft., and density is 
in lbs./ft.*, and viscosity is in lbs./ft.- 
sec., then 

lbs. 
x 
ft.8 lbs. 1 


The Reynolds number is important 
because it has been proved that the 
flow coefficient is the same for a par- 
ticular orifice in a _ particular pipe 
flange whether cold water, superheated 
steam, hot oil, compressed air, or any 
other fluid is flowing provided the Rey- 
nolds numbers are equal. 


ft.-sec. 


The Reynolds number is directly pro- 
portional to the velocity of the flow. 
It is proportional also to the diameter 
of the hole. 

All flow-coefficient tables are set up 
and standardized according to Rey- 
nulds number as well as pipe size, beta 
ratio, and type of pressure taps used. 
This standardization has been adopted 
by scientific bodies all over the world. 
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where W= Weight of Fluid, lbs. /hr. 
D = Pipe diam., in. 
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Flow in any pipeline is either turbu- 
lent or streamlined (laminar). Thick, 
viscous fluids such as oils flow in lami- 
nar fashion, whereas lighter fluids 
such as water, air, and steam almost 
always flow in turbulent fashion. Lami- 
nar flow takes place in liquids with 
low Reynolds number (below about 
10,000), whereas fluids with high Rey- 
nolds number flow turbulently. There 
is no sharp line of demarcation between 
laminar and turbulent flow; the transi- 
tion from one to the other is gradual. 

Most head-meter flows are turbulent 
and have high Reynolds numbers 
ranging from several thousand to sev- 
eral million. Fig. 8 illustrates the fact 
that for fluids with high Reynolds num- 
ber the flow coefficient becomes fairly 


constant for any one size of orifice. This 
is fortunate because it means that the 
influence of the Reynolds number in 
calculating flow can usually be nez- 
lected. It is best, however, to quickly 
check the Reynolds number, using the 
formula below. 

Reynolds-number formu!a.—Reynolds 
number equals 0.00424 times flow rate 
(in Ibs. per hr.) divided by orifice 
diameter (in in.) and viscosity (in lbs. 
per ft.-sec.). 

If viscosity is given in poises or 
centipoises, the viscosity can be con- 
verted to lbs. per ft.-sec. as follows: 
Viscosity in poises (dyne-sec. per sq. 
em.) times 0.0672 equals viscosity in 
lbs. per ft.-sec. 


If viscosity is given in stokes or 
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Fig. 10 


centistokes, convert as follows: Vis- 
cosity in stokes (dyne-sec.-cm. per gm.) 
times specific gravity of the flowing 
fluid equals viscosity in poises. 

The English units, rather than the 
metric units (poises and stokes) are 
preferred by many in calculating Rey- 
nolds numbers. Viscosity in Reynolds 
numbers is the absolute viscosity. Say- 
bolt and other types of viscosimeters 
give readings in kinematic viscosity 
units (stokes and centistokes), which 
must be converted to absolute units 
(poises or centipoises) as shown above. 
For example, consider the following 
typical Reynolds number calculation 
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Fig. 8. Flow coefficients at low, “transition,” and high Reynolds numbers. 





when flow rate equals 50,000 Ibs. of 
water per hour, orifice diameter equals 
3.00 inches, and water temp. is 60 F. 
The absolute viscosity of water at 60 F. 
is 1.0 centipoise, or 0.01 poise. 

First convert 1.0 centipoise to Eng- 
lish units of viscosity: 


0.01 poise times 0.0672 equals 
0.000672 Ib./ft.-sec. 
Therefore, Reynolds Number 
0.00424 « 50,000 
R 





— 105,000 
3.00 « 0.000672 


PIPE-LINE CONNECTIONS 


Fig. 9 shows the five types of pres- 
sure connections used most often for 
orifice installations. Venturi tubes have 
built-in taps. 

Pressure taps are referred to in 
many ways. Some of the names for 
pressure taps are: Inlet—outlet, up- 
stream—downstream, high pressure 
(H.P.)—low pressure (L.P.), high— 
low, leading—trailing, static—throat, 
K1—K2, P1—P2, and F-—S. These 
terms are self-explanatory. The first 
word or letter of the set is the first 
pressure tap reached by the fluid as it 
approaches the differential device. This 
first tap measures the static pressure 
of the line. The second tap measures 
a lower pressure. The two taps, to- 
gether with the device (the primary 
element), comprise the metering  in- 
stallation in the pipe line. 

The choice of pressure-tap location 
is influenced by (1) flange thickness, 
because vena-contracta and radius taps 
cannot be used if the downstream flange 
is too thick, (2) pipe size, because only 
corner taps are recommended for lines 
smaller than 1% inch (a tee fitting has 
a turbulent effect on the flow in a small 
line), (3) length of meter run, because 
pipe taps require a longer length of 
straight pipe downstream than the 
others, (4) coefficient data, because re- 
liable coefficients are not available on 
some taps for all conditions of pipe 
size, beta ratio, and Reynolds number 
(data are most plentiful on vena-con- 
tracta, flange, and pipe taps), and (5) 
flowmeter range, because if the maxi- 
mum differential-pressure range of the 
flowmeter is limited, it may be better 
to use pipe taps, as they produce the 
lowest differential pressure for a given 
flow. Vena-contracta taps produce the 
highest differential for the same flow. 

Flange taps are the most popular, 
mainly because the taps come ready- 
made in the flanges and no tapping of 
the pipe is required. They are suitable 
for all size pipe from 1% inch up. Their 
only drawback is their expense com- 
pared to a standard pipe flange. 

Pipe taps are used mostly in the fuel- 
gas industry because in gas measure- 
ment the differential must be small in 
relation to line pressure to avoid large 
corrections for compressibility. A good 
rule to follow in gas measurement is to 
keep the meter range (in inches of 
water) less than the gage-pressure 
upstream (in pounds per square inch). 


Vena-contracta taps are used com- 
monly in steam measurement because 
steam velocities and pressures are 
much higher than for gas, and the need 
for a low-range meter is not a factor 
as with the gas industry. The one 
great disadvantage of vena-contracta 
taps is that the exact location of the 
vena contracta varies with beta ratio. 
Thus, as one fixed set of taps is suit- 
able for only a small range of beta 
ratios, there is not as much freedom of 
orifice exchange. Another disadvantage 
is that in small-size pipe lines the 
downstream spacing becomes so short 
that the flange thickness becomes a fac- 
tor. 

Radius taps, or throat taps, are a 
modification of the vena-contracta tap. 

Corner taps have been used exten- 
sively in other countries, but have only 
recently come into broad use in the 
United States, mostly on small-size 
pipes (1% inch and smaller). Their 
name stems from the manner of tak- 
ing off the pressure in the corner 
formed by the pipe wall and the orifice. 
Little reliable coefficient data are avail- 
able. They are not recommended for 
dirty fluids due to danger of stopping 
up the narrow passages. 

Fig. 9 shows a typical flow pattern 
of a stream passing through a vena- 
contracta restriction. Note the loca- 
tion of the downstream tap. The flow 
pattern is similar for all orifices, noz- 
zles, venturis, and other geometrically 
regular restrictions. 


METER RUNS 


The meter run is the length of 
straight pipe required upstream and 
downstream—that is, for the approach 
and outlet sections of a_ restriction. 
Fig. 10 shows the minimum recom- 
mended lengths of straight-pipe meter 
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Fig. 9. Pipe-line connections, 


runs. The curves apply to all orifices, 
nozzles, and venturis. They are based 
on years of experimental research. 

If there is not sufficient meter run 
available, it is possible either to install 
straightening vanes, or to reduce the 
required diameter ratio of the primary 
element. The latter can be done by (1) 
increasing the differential head, (2) 
making the meter run of larger size 
pipe, (3) using a nozzle or venturi 
rather than an orifice, or (4) reducing 
the meter capacity. 

Straightening vanes can be purchased 
from flowmeter manufacturers or made 
in the user’s shop. Although there are 
various designs, a straightening vane 
is a nest or bundle of tubes or chan- 
nels installed in the inlet section to 
eliminate swirling flow by forcing the 
stream to flow straight for several 
diameters of pipe. Vanes reduce the 
straight pipe required in the approach 
section of the meter run. 


OTHER ORIFICE TYPES 


The discussion heretofore has been 
based on concentric orifices, which 
have the hole concentric with the 
pipe. Concentric orifices are used most 
commonly because they are easiest 
to produce and more is known about 
them. However, orifices can be made 
with any geometric shape—square, tri- 
angular, clover-leaf, and so forth. There 
is no reason to make the hole circular 
and concentric except that it is easier. 
There are a few installations where it 
is desirable not to have the “dam” 
across the pipe line produced by the 
rim of the orifice, as in horizontal 
fluid-streams containing solid matter. 
In such applications an eccentric or 
segmental orifice, (Fig. 5) may be used 
with the edge of the orifice hole almost 
flush with the bottom of the pipe. 
Flow coefficients for these two types 
of orifices are not commonly publicized, 
although it will not produce great error 
to use coefficients for concentric ori- 
fices, provided that the pressure con- 
nections are made in the side of the 
pipe or flange and not in the top when 
the hole is made flush with the bottom 
of the pipe. 

Orifice fittings are finding increas- 
ing use in the natural gas transmis- 
sion industry. The one shown in Fig. 
11 is known as a “senior fitting,” in 
which type the orifice can be withdrawn 
from the pipe-line without shutting 
down the line. The less expensive “jun- 
ior fitting,” made without the built-in 
valve, requires that pressure be relieved 
from the line before the orifice may be 
removed for inspection or replacement. 


ADJUSTABLE ORIFICES 


An adjustable orifice is a special type 
of segmental orifice, like a specially 
shaped gate valve. It is used also in 
applications requiring frequent changes 
in meter capacity so that the line need 
not be shut down for orifice changes. 
However, this fitting must be individu- 
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ally calibrated, whereas the orifice fit- 
ting uses a standard concentric orifice 
with flange-top coefficients. 


MAKING AND INSTALLING ORIFICES 


First calculate the bore or, if the 
flow conditions are unknown, assume 
a figure for the bore. A machineable 
stainless steel is usually recommended 
for the material. The thickness is de- 
termined by the size of the pipe line— 
for up to 4-inch pipe the thickness 
should be 1/16 in. to % in., 5-inch to 
14-inch pipe should be % in. to % in., 
16-inch pipe and larger pipe should be 
% in. or more. The outer diameter of 
the plate should make a snug fit within 
the flange bolts; it usually is taken 
equal to the bolt-circle diameter minus 
the bolt size. A handle, or tab, is at- 
tached to the disk for a two-fold pur- 
pose—(1) to aid in inserting the plate 
between flanges and (2) to carry ori- 
fice data so it may be rechecked with- 
out having to shut down the line and 
remove the plate for measuring. This 
handle must be narrow enough to fit 
between two adjacent bolts, and long 
enough to protrude beyond the flange 
insulation so the data may easily be 
read. The handle may be an integral 
part of the plate or may be welded on 
after the plate is machined. 

The finished hole must have the inlet 
edge sharp and square with the face of 
the plate, so that it will not appre- 
ciably reflect a beam of light. The 
orifice plate should meet the following 
flatness specification: “Any plate which 
when clamped between flanges does 
not depart from flatness along any di- 
ameter by more than 0.01 in. per inch 
of pipe radius shall be considered flat.” 
The plate thickness at the metering 
edge should not exceed: (1) 1/30th of 
the nominal pipe diameter (D), or (2) 
% of the orifice or bore diameter 
(d), or (3) % of the dam height 
(D-—d)/2. When the outlet face of 
the plate is beveled, the handle should 
have the word INLET stamped on the 
square, or unbeveled, side. 

The pipe walls in the vicinity of the 
orifice must be smooth, and the pres- 
sure openings through the pipe wall 
must be sharp. If flanges are welded 
on, the welding usually raises a “bump” 
around the inside, and weld “icicles” 
are sometimes formed. Any such bump, 
irregularity, or shoulder formed by 
the attachment of flanges must be re- 
moved. There must be no abrupt dis- 
continuity or change of diameter near 
the orifice. 

If pressure taps are made through 
the pipe wall, a half pipe coupling 
should be welded to the line at the 
proper point, then should be drilled by 
using the coupling as a jig or guide. 
A \-inch drill is satisfactory for all 
pipe sizes. When drilling the %-inch 
hole through the pipe wall, the burr 
which usually is formed when the drill 
breaks through the inner wall must be 
removed. When using ready-tapped 
orifice flanges the holes should be 
checked to assure that there are no 
irregularities around the edges. 
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Fig. 11. Orifice fitting. 


Gaskets are used on both sides of 
the orifice or nozzle flange when bolted 
between flanges, unless the joint has 
tongue-and-groove or ring-joint facing. 
These latter types require a_ special 
orifice design with regard to thickness 
and outer diameter, which is not dis- 
cussed in this chapter. 


ANNULAR AND MOVING ORIFICES 


An annular orifice is a disk held 
fixed in the center of the pipe, leaving 
an annular space between the disk and 
the pipe wall for the fluid to pass 
through. The two pressure connec- 
tions are made in the plate itself (inte- 
gral taps), with tubing connections 
leading to the pipe wall. A moving ori- 
fice is one which is held in the pipe 
attached to a coil spring. The differ- 
ential pressure across the orifice plate 
causes it to compress the spring. The 
axial movement of the plate is detected 
and measured either electrically by 
an induction coil formed around the 
pipe, or mechanically by means of a 
stuffing box connected to an external 
pointer and scale. Both of these types 
of orifices are rarely used and require 
individual calibration. An annular and 
a moving orifice are shown in Fig. 12. 
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CENTRIFUGAL-TYPE HEAD METERS 


It was previously mentioned that 
there is no reason for using an arti- 
ficial flow restrictor such as an orifice 
to create differential pressure, except 
that individual calibration can be 
avoided by using tried and proven 
shapes of restrictors. In some situa- 
tions even the small head loss created 
by the most efficient venturi tube can 
not be tolerated. In these situations 
engineers have resorted to taking the 
differential pressure across existing 
fittings and restrictions. Then by care- 
ful calibration the variation of differ- 
ential pressure with flow changes can 
be plotted. This has been done across 
(1) elbow taps, with differential-pres- 
sure measurement taken on inner and 
outer radii of an ordinary pipe elbow, 
(2) hydraulic-turbine scroll-case taps 
(known as Winter-Kennedy taps), uti- 
lizing the drop in pressure between 
two points in the scroll-case, and (3) 
guide-vane speed-ring taps (known as 
Peck taps), a sort of hybrid pitot in 
which an impact opening in the leading 
edge and a static opening along the 
curved side of the vane comprise a 
pair of meter taps. The pressure dif- 
ferential in these devices is a result 
of a combination of centrifugal and 
velocity conversion. 


MANOMETERS 


The primary device translates fluid 
flow into a differential pressure. The 
device that measures the differential 
pressure is known as the secondary 
element of a flowmeter. 

The instrument that measures the 
differential pressure is often called the 
“flowmeter,” although the instrument 
itself cannot be a complete flowmeter. 
It cannot give flow readings without 
being connected to the pipe-line device. 
A complete flowmeter consists of a 
combination of elements that respond to 
flow rate and produce flow rate read- 
ings. 

Secondary elements are essentially 
manometers, or pressure-measuring in- 
struments. A pair of ordinary Bourdon- 
type pressure gages would work ex- 
cept the accuracy of such gages is 
usually not high enough. The reader 
is referred to Chapter VII for a more 
thorough discussion of all types of dif- 
ferential pressure measuring instru- 
ments. 


SQUARE-ROOT EXTRACTION 


A major item in flowmeter design is 
the means for extracting the square 
root of the differential head. Flow 
rate varies as the square root of the 
differentia! head. If the secondary ele- 
ment does not extract this square-root 
function, the pointer or pen shows head 
changes only, in which case the dial or 
chart on the instrument reads differ- 
ential pressure and not flow rate. 

Many users of flowmeters prefer to 
use direct-reading dials or charts which 
are marked in flow rate rather than 
differential head. This can be done 
simply by marking each scale unit of 





differential pressure with its corres- 
ponding flow rate. The scale markings 
or divisions in this case are not uni- 
formly spaced. Such a scale is known 
as a square-root scale. It is charac- 
terized by the fact that the spacing 
between equal flow increments is shorter 
at the lower end of the scale (near 
zero) and spreads out at the upper 
end. 

Some flowmeter users prefer to have 
uniformly-spaced dials and charts. For 
this group of users some flowmeter 
manufacturers have provided methods 
in the mechanism for extracting the 
square-root. The methods used fall 
into two broad  categories—shaped 
manometer parts, and cams. 
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VARIABLE-AREA METERS 


The rotameter.—The rotameter is 
second in importance to the variable- 
head meter in industry. All rotameters 
are basically alike in principle of opera- 
tion. In theory the rotameter is very 
similar to a head meter. It consists of 
a float or moving element of constant 
weight and area, which is free to move 
vertically in a tapered tube of glass or 
metal, smaller at the lower end. The 
flow is directed upward through the 
tapered tube. The float finds a posi- 
tion in the tube where its buoyancy 
is exactly balanced by the combined 
forces of differential pressure across 
the float, and viscous drag of the fluid 
flowing around it. 

The term “rotameter” stems from 
the earliest types of variable-area flow- 
meters, in which the float always ro- 
tated. A spinning float is more stable 
and hence easier to read. Further, the 
spinning motion keeps the float clean. 
However, technological improvements 
in rotameter design have made it un- 
necessary for the float to rotate in 
some applications. 

Fig. 13 illustrates a simple type of 
rotameter. As the annular area be- 
tween float and tube wall is momen- 
tarily fixed, the differential pressure 
across the annular orifice must increase 
when the flow rate increases. As the 
float buoyancy is constant, the in- 
creased differential head overcomes 
gravity, and the float moves upward 


to a larger annular area, which re- 
duces the velocity to the point where 
gravity again balances differential 
pressure exactly. 

The rate of flow is either marked on 
a scale attached to the tube or etched 
on the glass tube itself; the position of 
the float in the tube gives the flow rate. 
The rotameter must be calibrated or, 
as with head meters, a_ relationship 
must be set up between float charac- 
teristics, tube size, and flow rate. 


The advantages of rotameters are 
(1) they handle corrosive fluids, (2) 
the visible float is a constant check 
on operation of the meter and on the 
condition of the fluid, (3) they have 
uniform accuracy at all flow rates when 
properly calibrated, (4) they have uni- 
form flow graduations without square- 
root extraction complications, (5) the 
pressure loss is fixed at all flow rates, 
(6) their capacity is easily changed 
by replacing float or tube, and (7) 
they do not require a meter run. 


The disadvantages of rotameters are 
(1) the piping installation is usually 
more complicated than for a head meter, 
(2) they are limited as to working 
pressure and temperature without ex- 
pensive designs, (3) they are expensive 
in large pipe sizes, (4) the glass tube 
is fragile and easily broken when in- 
stalling or when, after installation, 
it is subjected to mechanical or thermal 
shock, (5) under some conditions they 
require frequent cleaning, and (6) they 
present packing problems under some 
conditions. 


OTHER VARIABLE-AREA FLOWMETERS 


Although the rotameter is the most 
popular type of variable head meter, 
Fig. 13 shows two other types in use 
today—the swinging-vane type and the 
plug type. 

The swinging-vane meter is a device 
similar to an ordinary swing-check 
valve which is specially calibrated to 
give flow readings corresponding to 
vane position. The plug-type meter is 
similar to a rotameter in that upward 
movement of the plug results in more 
area for passing the flow. 


ROTATING-MEMBER METERS 


A rotating-member meter is a flow- 
meter that uses a propeller-like rotat- 
ing member to average pipe-line ve- 
locity. Such meters, which have been 
used for many years in measuring air 
flow, are known as anemometers. Each 
meter must be calibrated in the fluid 
in which it will be used, but once 
calibrated, an identical duplicate meter 
can be used without individual cali- 
bration. The rotational speed of the 
runner may be translated into rate- 
of-flow readings by ordinary tachom- 
eter type devices. One type of rotat- 
ing member meter is shown in Fig 14. 


TURBINE-TYPE PRIMARY ELEMENTS 


Flow-rate measuring systems employ- 
ing a turbine (or propeller) type of 
primary element are gaining recogni- 
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Fig. 14 
tion in some fields. Originally developed 
for military uses (aircraft and mis- 
siles), this type is available at this 
writing in two designs: in small sizes 
with end connections for flared tubing 
as in Fig. 15, and in large sizes for 
mounting in a conventional pipe flange. 

The absolute accuracy of this element 
is, like that of any orifice, nozzle, or 
Venturi, no better than the accuracy 
of its manufacture and calibration. Un- 
like these, however, the turbine-type 
element should be individually cali- 
brated to justify its use. This procedure 
adds extra cost to a device which is 
more expensive than the usual primary 
element without moving parts. Once 
calibrated, however, it will repeat to a 
high degree. Under favorable condi- 
tions, a repeatability of 0.1 percent is 
possible; in ordinary use one can ex- 
pect 0.5 to 1 percent. Thorough calibra- 
tion is essential. To calibrate, water 
is usually flowed through the element 
and weighed. This hydraulic calibration 
is then valid for any other liquid (not 
gas), after correcting for specific grav- 
ity and, when necessary, shrinkage or 
expansion of the housing due to ther- 
mal departure from calibration tem- 
perature. This type of element is not 
usually recommended for gas service. 

The principle of operation is analo- 
gous to that of an a-c. generator. Either 
one of two methods may be employed. 
In the Fig. 15 device, a stationary per- 
manent magnet is contained within a 
pickup coil mounted on the outside pipe 
wall. The flux field produced by the 
magnet is cut by the ferromagnetic 
blades, generating a series of electric 
pulses. In another type the permanent 
magnet may be imbedded either in the 
turbine hub or in the blade tips, rather 
than in the coil. In this type the flux 
field moves as the turbine rotates and 
cuts the coil, generating either an a-c. 
sine-wave or a series of pulses. 

In both types, the frequency of the 
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a-c. signal is directly proportional to 
the rate of flow. The frequency may be 
intentionally varied from one element 
to another by changing the pitch of 
the blades, by using multipole magnets 
in the hub, by not activating all the 
blades, or by combinations of these 
methods. The pipe, of course, must be 
of non-magnetic material. 

To complete the flow-measuring sys- 
tem, one needs only an accurate fre- 
quency meter, a pulse-counter, or an 
FM/DC converter with a d-c. millivolt- 
meter. For highest accuracy, the best 
choice of read-out would be the “EPUT” 
(event-per-unit-time) form of pulse 
counter, or a record of the wave-form 
on a photographic or stylus-type oscil- 
lograph. 

A disadvantage in this type of flow- 
meter, aside from its purchase cost 
and individual calibration, is bearing 
trouble due to erosive and/or corrosive 
fluids. Overspeeding the turbine with- 
out excessive gas flow is to be watched 
although the type illustrated has been 
found to be less susceptible in this re- 
spect than earlier designs. 

In recent years a spinning-ball flow- 
meter has been developed in which a 
channel or raceway is circumferen- 
tially machined in a pipe-line fitting. 
A ball is caused to spin around the 
periphery of this raceway by the fluid 
stream because all the flow is diverted 
through the raceway. An _ induction- 
coil pickup on the outer diameter of 
the fitting generates an electrical sig- 
nal with each passage of the ball. These 
signals are electrically timed and in- 
tegrated to produce a modulated direct 
current, the value of which is directly 
proportional to the rotational velocity 
of the ball. The disadvantages of this 
type of rotating-member meter are (1) 
the ball wears rapidly under certain 
conditions, and (2) the meter must be 
often recalibrated. Owing to their low 
bulk and ready adaptation to electrical 
circuits, rotating-member flowmeters 
are popular in aircraft work for flight 
testing. 


ELECTRICAL TYPES 


An electrical type of flowmeter is 
not one that uses electrical transmis- 
sion of intelligence obtained with the 
usual mechanical-type head meter. It 
is one in which the velocity is sensed 
electrically. Four basic types are (1) 
the thermal meter, (2) the hot-wire 
anemometer, (3) the electromagnetic 
meter, and (4) the sonic flowmeter. 

A thermal-type flowmeter measures 
velocity by electrically heating the fluid 
stream. This may be done either by 
adding a constant electrical power 
(hence a constant B.T.U. or calory 
input) and measuring the temperature 
rise of the fluid, or by adding a vary- 
ing power to maintain a constant tem- 
perature rise. Neither method has 
proved very popular in the gas industry, 
where it has been used most frequently, 
because of the cost of electric power 
and the large errors inherent in tem- 
perature measurement. However, the 
advantage of thermal-type flowmeters 
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Principle of one type of MFRometer 


2. Angular momentum 
is absorbed ; resultant 
is proportional 
to mass-flow-rate. 


1, Angular momentum 
isi arted ; required 


power isproportional t 
to mass 


Te 


jow-rate, 





“Impeller” “Turbine” 


Stationary 
Decoupling 


Constant: Restraining 
Disk” Spring 
16. NOTE—Function of “decoupling 
is to prevent “hydraulic-transmission” 
effect at zero or low flow-rate. 


over head meters is that the accuracy 
of the former is not much affected by 
changes in gas density. 

A hot-wire anemometer operates by 
measuring the amount of current re- 
quired to maintain a resistance coil in 
the fluid stream at constant tempera- 
ture. It is similar to the thermal-type 
flowmeter and has the same advan- 
tages and disadvantages. 

An electromagnetic meter measures 
fluid velocity by (1) imposing a mag- 
netic field across the stream, which 
must be a fluid of suitable magnetic 
susceptibility, and (2) measuring the 
d-c. potential generated in the fluid at 
ninety degrees from the magnetic poles 
that impose the field. The advantage 
of this type meter is that the signal 
is directly proportional to flow. This 
eliminates the necessity for square- 
root extraction, which is needed in 
other-type flowmeters in order to obtain 
a linear flow-rate scale. 

The Sonic Flowmeter, another recent 
development in electrical types, bears 
watching because, like the electromag- 
netic type, there are no parts in the 
stream to cause trouble. This element’s 
principle is based on the velocity of 
sound: A_ high-frequency signal is 
passed across the flowing stream in a 
pipe-line in two directions: upstream 
and downstream. The difference in time 
required for the two signals to travel 
the same distance with the flow and 
against the flow, is a measure of the 
average fluid velocity in the pipe. Cer- 
tain restrictions in fluids, pipe sizes, 
pipe materials, etc. are being evaluated 
and, until this work is more nearly 
complete, there will be little to expect 
in commercial products. 


MASS FLOWMETERS 


All of the foregoing discussion re- 
lates to volumetric rather than gravi- 
metric measurement of flow-rate. Ve- 
locity in the pipe-line is gaged, and the 
flowmeter reads volume (cubic feet, 
gallons, etc.). If the density or specific 
gravity remains constant, simple arith- 
metic converts the flowmeter scale read- 
ings to gravimetric or weight units 
(pounds, etc.). If the density varies, 
as it usually does, we have to correct 
for it. 


This problem has led to the recent 
development of mass flowmeters read- 
ing in pounds of mass regardless of 
volume. One promising type utilizes the 
principle of “Coriolis acceleration,” fol- 
lowing Newton’s second law of motion: 
If a fluid passing through a pipe-line is 
acted upon so as to give it a velocity 
at right angles to the main flow, and 
if this angular velocity is then meas- 
ured in terms of the torque (“twist’’) 
imparted to a set of vanes, the torque 
measurement will be closely related to 
the mass flow. 

Fig. 16 illustrates a type of mass 
flowmeter in use today. A constant- 
speed motor drives an impeller similar 
to a centrifugal pump. This imparts an 
angular velocity to the stream. Im- 
mediately following the impeller is a 
set of turbine blades, against which 
the flow is directed. The turbine blades 
tend to rotate but are restrained by a 
control spring. The deflection can then 
be calibrated in terms of mass flow: 
pounds per hour, etc. 

In another type (not illustrated) the 
torque measurement is the phase dif- 
ference between the rotating case and 
a fixed set of vanes built into the same 
case. 

High accuracies and repeatabilities 
are attributed to these devices, which, 
coupled with the advantage of density 
and viscosity immunity, tend to over- 
shadow the disadvantage of a rotating 
shaft with its problem of seals. It can 
also be seen that frequent cleaning 
would be necessary in some uses. At 
this writing, military needs are claim- 
ing all of the production. 

Other mass flowmeter designs are 
based on a volumetric flow measure- 
ment with a built-in density correction. 
One commercial instrument employs a 
turbine-type primary element. A sample 
of the liquid passing through this ele- 
ment is diverted through a density- 
sampler. The density measurement elec- 
trically compensates the pulse signals 
coming from the turbine element. 


AUTOMATIC CONTROL OF FLOW-RATE 


Process control is treated in Chapter 
XIII which describes the principal modes 
of control, and their effects both singly 
and combined. 

However, Chapter XV takes tempera- 
ture control as the specific example. 
With respect to automatic control of 
flow-rate, the most important point to 
bear in mind is that the “rate” or 
derivative mode of control worsens in- 
stability—especially when nearly-in- 
compressible liquids are to be controlled. 
An excellent mode of control is the 
inverse derivative (formerly available 
from only one instrument company but 
since 1953 available from numerous 
licensees). This mode consists in auto- 
matic widening of the proportional] 
band in proportion to the time rate of 
deviation from the set point. 

Another point of difference is that 
flow-rate can be controlled precisely by 
means of metering pumps (adjustable 
positive-displacement pumps). 





POTTER AERONAUTICAL COMPANY 


Route 22, Union, N. J. 
PRECISION FLOW METERS AND CONTROLLERS 


FOR ALL TYPES OF FLUIDS INCLUDING ACIDS AND 
CAUSTICS, HIGH PRESSURES, HIGH TEMPERATURES 
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THE POTTER FLOW SENSING ELEMENT, 
able to withstand temperatures from —450 to +1200 
degrees F, and pressures in excess of 35,000 psi has 
brought a new standard of accuracy to industrial 
flow measurement. The sensing element is linear 
within 1/2% of instantaneous flow; repeatable with- 


in 1/10% at any given point. 
7 s ] 


RECORD, INDICATE RATE OR RATIO with 
high accuracy even under difficult conditions. Linear 
flow indicating or recording systems are accurate 
within 1/2%; control with comparable precision. 
Ratios can be as high as 1000-to-1. 





MEASURE TOTAL with accuracies as high as 
1/10% using an instrument only three inches high, 
nineteen inches wide. The Potter Totalizer, designed 
for mounting in a standard relay rack, can be used in 


conjunction with Potter rate measuring systems. 





CONTROL BATCHES AUTOMATICALLY. 
Potter batch control systems are accurate within 
1/5% or betier; can be designed for sequence opera 
tion to blend a number of ingredients for low-cost 
automatic batching. Human error is easily elimi- 
nated in product mixing. P 


FIND OUT how Potter Flow Meters fit into your processes to 


Hai 


For more information 


AERONAUTICAL COMPANY 


improve metering accuracy, save time, and aid in product control 
and cost accounting. Write for information on: Industrial Flow 
Meters, Laboratory Flow Meters, Automatic Batch Control. 


Route 22, 
Union, N. J. 


Phone MUrdock 6-3010 
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AMERICAN’ ORIFICE METERS 
—————— 


@ RECORDING 
e@ INTEGRATING 
e@ INDICATING 


Your specific requirements for accuracy, simplicity 
and dependability in differential pressure measure 
ment will be met with one of two basic American 
Orifice Meters—the American Dri-Flo and the Ameri- 
can Westcott Mercury Manometer. Recorders are 
available with square root or direct reading charts. 
Integrating meters totalize fluid quantities, integrat- 
ing static and differential pressures. Indicating instru- 
ments show rate of flow where records are not 


required, 


CANNON METER PENS 


Stainless steel non-clogging Cannon pens reduce me- 
ter inking problems to the minimum. Ink flews up 
ward by capillary action from a half-ounce reservoir 
holding and protecting a year’s supply of ink. The 
instruments are unaffected by pulsating flows, rapid 
pen movement or atmospheric fluctuations. Available 
in various styles for all standard recording instru- 


ments. 


SERIES A-88 


AMERICAN WESTCOTT 
MERCURY 
MANOMETERS 


For working pressures of 
1800, 3000 and 5000 P.S.I., 
these basic instruments feature read- 
ily interchangeable high-sides for 








differential range changes without 


AMERICAN DRI-FLO 


MERCURYLESS ORIFICE METERS 


These new instruments provide American Westcott pre- 


disturbing gage line connections 
(1800 P.S.I. unit illustrated). Ameri- 
can Teflon Seal Stuffing Boxes pre- 
cision accuracy for applications where mercury manom- vent leaks, are nearly fri¢ tionless and 
eters are not desired. Available in 50”. 100” and 200” do not require lubrication. 
ranges, working pressures to 1000 P.S.L., ambient tem- 


peratures of : to 175°F. 
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AMERICAN PRECISION INSTRUMENTS 


INTEGRATING METERS 
Standard American Westcott Orifice Meters equipped 
with integrating mechanisms provide totalized readings 
of ihe fiuid quantities passing through the measuring 
orifice for all rat 
instvuments inteprate for static pressure and differential 


Tessure 
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GENERAL SALES OFFICE: 1513 Race Street, Philadelphia 

Albany + Alhambra + Atlanta + Baltimore + Birmingham 

Boston’ + Chicago * Dallas *« Denver * Erie * Houston 

Kansas City .* Los Angeles + Minneapolis * New York 

Omaha * Pittsburgh * San Francisco * Seattle * Tulsa 
IN CANADA, Canadian Meter Company, Limited 


Hamilton, Ontario * Edmonton, Alberta 


of flow or variations in pressure. The 


INDICATING METERS 
American Westcott Indicating Meters are adaptations of 
standard American Westcott Orifice Meters for use 
where permanent records are not required. The rate of 
flow of air, gas, oil, steam or water are indicated on the 
dials of the instruments. Meters are available with Round 
Dials having pointers which move through 270 degrees 
or with Segmental Dials with pointers moving through 


15 degrees. 


BASE PRESSURE INDEXES 


For use with Ironcase Displacement Meters, these units 
automatically multiply the quantity of gas passing 
through the displacement meter, at pipe line conditions, 
by the factor of the line pressure divided by the base 
pressure. The totalized readings are continuously regis- 
tered on a straight reading index. 


BASE VOLUME INDEXES 


Metric Base Volume Indexes register the total quantity 
of gas passing through the Ironcase Displacement Meter 
in cubic feet under standard conditions of base tem- 
perature and base pressure. Each cubic foot (actual 
volume at line pressure) is multiplied by the factor for 
flowing temperature, and this product is subsequently 
multiplied by the factor for line pressure. 


VOLUME AND PRESSURE GAGES 


Installed on Base Pressure, Base Volume or ordinary 
Indexes, these instruments chart the time and pressure 
at which each 1000 cubic feet of gas passes through 
a displacement meter for a permanent hourly record of 


load conditions. 
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CUT EQUIPMENT COSTS... 
CUT PROCESSING COSTS... 
And INCREASE PRODUCTION 


No matter if this pressure — or this pressure varies 
vr = a 
o” § oo 
yw 
this flow rate 


stays constant 


. . « BY CONTROLLING LIQUID FLOW 
THIS SIMPLE WAY 
with a 


The installation of a Kates Regulator in the inlet line to a 
filter . . . to an oil burner nozzle ... to a deionizer .. . 
or behind any centrifugal pump, almost instantly results in 
lower product handling costs and far greater production. 

A Kates Regulator smooths out the “ups and downs" in flow 
rate that occur in almost every liquid handling process. *It 
is vital in filter pre-coating because it helps to build up a 
smooth, uniformly dense filter ceke—thus assuring longer filtra- 
tion cycles, finer quality filtration, less costly down-time and 
greatly reduced filter and requirements. *It is vital in the 
control of regeneration, backwash or rinse rates where undesir- 
able surges of liquid flow can produce “channeling” or the 
loss of costly ion-exchange resins. *It is vital in controlling the 
flow of fuel to a burner where surges of liquid can cause 
clogging of the nozzle and unnecessary, wasteful distribution 
of fuel which cannot be efficiently consumed. 

In hundreds of other applications, such as blending and pro- 
portioning, solvent extraction, chemical process control, diluting 
of bulk heavy chemicals and evaporator influx a Kates Regu- 
lator performs an outstanding, dependable job—simply, ac- 
curately, and at low cost. 

And, when used behind a centrifugal pump, a Kates Regulator 
provides proportioning control equal to that of much more 
costly equipment. Learn how adaptable Kates Regulators can 
be fitted into your liquid control systems—to save you money 
and do the kind of control job you want done. 


Contact Your Local Representative or Write Today 
for Complete Information and Technical Data. 


TYPE GA TYPE SA 
for Clear Liquids for Liquids and 
Light Slurries 


... and how they work: 


Both the Type GA and Type SA regulators are simple, self-con- 
tained units that are extremely rugged in design. Installed in 
liquid-handling lines, the Regulators automatically compensate for 
fluctuation in either their inlet or outlet pressures. A direct-acting 
valve within the Regulator automatically opens or closes to adjust 
the flow to the pressure change. Thus, the flow of liquid out of 
the regulator is always smooth and unvarying from the set rate. 


TYPE GA 


Flow Rating in | Dimensions | Approximate |Approximate 
GPM of Water | Pipe Conn. Dia. Height 

0.05-0.50,0.10- 
1.00,0.10-1.50, 
0.10-2.00 Vy" 4\/, 1," 
0.50-6.50, 
1.00-12.50 ee 5%," 11'/," 
2.00-20.00, 
4.00-40.00 11/2" 6!/2" 1141/2" 
5.00-50.00, 
10.00-100.00 ee 9'/2"" + ae 


TYPE SA 


Flow Rating in Pipe Approximate] Dimensions 
Size | GPM of Water | Connection Dia. Height 
1 SA} 2-10 ¥," 37," TT 
2SA} 4-20 abe 4!/," 1," 

4 SA} 10-50 1" a, 14" 

5 SA | 20-100 — 8!" a 

6 SA | 35-175 2," 9/2" 21 

7 SA | 50-275 ae 10 " 23 

8 SA 1100-550 4 " ie 30 


Standard regulators will hold set point flow within + 3% for 
pressure variations up to 125 psi. 





















































"Kates Regulators Never Forget Pressure Changes" 
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Republic 


PNEUMATIC 
TRANSMITTERS 


... Your Best 
Solution to 


Tough Metering 





Problems 
The Republic P. ic T itter measures flow, 


Like These: 


LOW DIFFERENTIAL FLOW MEASUREMENT be used to operate reading instruments and os the 
When pressure drops in flow lines must be measuring impulse to an automatic controller. 
kept small—as in the discharge of blowers—low 


ee Republic Transmitters offer the most to 1000 psi. This low range feature permits the 
practical answer to flow measurement. For only anal daelses pecducten 0 telah die 
with Republic Transmitters pater get differ. tial; accurate force-balance measurement and 
ential ranges as low as 0-0.6-in. H2O at static control is possible with back-pressure on blow- 
ers, for example, held to a negligible figure. 


METERING VAPOROUS LIQUIDS 
Liquid 


AMM ONIA/ \ ( ie Repulic’s low ranges provide the key to successful 

S measurement of easily vaporized liquids, too. Take the 
flow of liquid ammonia through an orifice as an example. 
By using an orifice producing a small differential drop, 
you avoid flashing the liquid into gas and getting an in- 
AIR SUPPLY accurate measurement. And since the Republic Transmitter 
is a force-balance instrument, there are no problems of 


TO RECEIVER liquid seals, purging or overrange blowing the sealing 
ANO/OR CONTROLLER liquid into flow lines. 


L_ REPUBLIC PNEUMATIC TRANSMITTER 





pressures to 15 psi and 0-2.5-in. H2Oat pressures 





ORIFICE PLATE 











LIQUID LEVEL MEASUREMENTS UNDER PRESSURE 


This job requires an instrument with a narrow range 

7 span and considerable range suppression. High pressure, 
low range Republic Transmitters are available for just 
RECEIVING this kind of measurement. For accuracy and close control, 
RECORDER range suppressions up to four times the range span are 
PNEUMATIC possible i.e.,a Republic Transmitter with a 0-100-in. H2O 





(TRANSMITTER range can be suppressed to operate between any 20-in. 


(| Cc H20 span within the full 100-in. range. 
AIR SUPPLY 


TO RECEIVER AND/OR CONTROLLER 


. IF YOU HAVE A PROBLEM Write for Data Book 1004. It describes and illustrates 22 


involving the measurement of different Republic Transmitter models, gives hook-ups, 


FLOW, PRESSURE, LEVEL OR DENSITY ranges, performance data. Write for a free copy. 
with pneumatic transmitters... 
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MILTON ROY COMPANY 


1418 East Mermaid Lane e Philadelphia 18, Pa. 


Engineering Representatives in the United States, Canada, Mexico, Europe, Asia, South America and Africa. 


CONTROLLED VOLUME PUMPS and AUTOMATIC CHEMICAL FEED SYSTEMS 





INSTRUMENTATION .. hy and with CON- 
TROLLED VOLUME PUMPS. MILTON ROY 
CONTROLLED VOLUME PUMPS are precision 
metering instruments, designed to meter and pump 
accurately practically any liquid in volumes as low 
as 3 milliliters per hour to as high as 45 gallons per minute, 
against pressures as high as 50,000 pounds per square inch. than 1% 
These pumps are the reciprocating positive displacement 
type, and deliver precise repeatable quantities of liquid 





regardless of changes in discharge pressure. 
stroke length is readily adjustable from 0 to 100% 
while 
able in motor-driven or air-powered models. Full au- 
tomatic controls, including electronic, pneumatic and 
mechanical, 
for most applications. They are available in any 
alloy or metal which can be cast or machined, or in plastic. 


Plunger 


pumps are operating or at rest. They are avail- 


can be supplied. Delivery accuracy is better 





— 


APPLICATIONS: 


Milton Roy Controlled Volume Pumps are manufactured in a broad range 
of models and capacities to satisfy practically all control requirements 
for automatic concentration control by means of continuous titration, and 
as components of complete instrumentation programs 

Milton Roy Pumps have application in continuous processing and chemical 
feed systems, including boiler feedwater treatment systems; for automatic 
pH control; for control by flow, electrical conductivity, temperature, pres- 
sure, liquid level, or other metered variables. 


EXCLUSIVE LIQUID END STEP-VALVE 





SUCTION STROKE 


Milton Roy Controlled Volume Pumps employ the patented liquid end 
double ball-check step-valve, which is snap-acting, self-cleaning, and non- 
clogging ... assures high and reproducible volumetric efficiency. 


MILTON ROY PROPORTIONAL FEED SYSTEM 


In proportional feed systems, a positive displacement meter in the main 
line operates a rotary air valve. Air impulses from this rotary valve control 
the rate of operation of a master 4-way air control valve which admits air 
alternately to opposite ends of the air cylinder, operating the pump. Any 
variation in the main line flow results in a proportional variation in the 
pump stroke rate. Since the capacity of the pump is a direct function of 
the stroke rate, pump capacity is exactly proportional to the main line flow 
The ratio of pump capacity to main line flow may be varied as desired, by 
adjustment of the plunger stroke length while the pump is operating. 


Timed electrical impulses to a solenoid-operated 4-way air valve may be 
substituted for the rotary-valve-master-air-valve combination. 


In these proportional feed systems several “aiROYmetric’” Pumps may be 


“4 WAY ROTARY AIR VALVE 
MOUNTED ON METER 


paced by the main line flow... each with independent capacity adjustment. 
Chis permits the precise ratioing of several streams to the same main line 
flow. 
SE remern —_——__ =>— 
seaalincadd nS x r ] “Te MAIN LINE 
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| MASTER 4.way VALVE 
AIR |} OPERATED BY PILOT 
OUT | 4-WAY VALVE ON ‘ 
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METER, WHEN LISTANCE 

BETWEEN METER AND 

PUMP EXCEEDS 20 
reer 
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Milton Roy ‘'miniPump''. Capacity 3 to 3200 
milliliters per hour. Pressures: Up to 1000 pounds 
per square inch. Application: metering of clear 
liquids. Available also in air-powered oer 
Simplex, Duplex, Multiplex, and ‘‘Constametric’’ 





Milton Roy SIMPLEX PUMP. Fractional hp motor. 
angry? -1 to 340 gallons per hour. Pressures: 
Up to 5 00 pounds per square inch. 





Milton Roy ‘'aiROYmetric'' Model 1AC. Air- 
Powered. Capacity: .04 to 405 gallons per hour. 
Pressures: to 25,000 pounds per square inch. 









Milton Roy ''CONSTAMETRIC"’ 
PUMP. Gine-half hp motor, en- 
closed, and ‘'Thymotrol"’ con- 
trolled. Capacities: .08 to 69 
"ated per hour. 
ressures: to 4500 
pounds per square 
inch, Application: 
straight line flow 
without pulsation. 

















WRITE FOR BULLETINS: NO. 1053 AIR-POWERED 
CONTROLLED VOLUME PUMPS; NO. 553 MO. 
TOR-DRIVEN CONTROLLED VOLUME PUMPS; 
NO. 653 “miniPump" 














Operation and Care 
of Circular-scale 
Instruments 


By 
JAMES SPENCER 
For 20 years in charge of Instru- 


ment and Relay Department, Meter 
Div., Westinghouse Electric Corp. 


CONTENTS 
EDITOR’S FOREWORD 
AUTHOR’S PREFACE 
CHAPTER I. ESSENTIAL TOOLS 
CHAPTER II-—D-C. INSTRUMENTS 
Dismounting and Reassembling. KX-124 
Instruments, DB-12 Instruments, Test and 


Inspection, Principles of Operation, Main- 
tenance, Connections. 


TROUBLE CHART 
FOR D-C. INSTRUMENTS 


CHAPTER III -A-C. AMMETERS AND 
VOLTMETERS 


Principles of Operation, Construction, Dis- 
mantling KA-24 Instrument, Reassembling, 
Dismantling DB-12 Instrument, Test and 
Inspection, Internal and External Connec- 
tions, Maintenance. 


CHAPTER IV -ELECTRODYNAMIC 
TYPE INSTRUMENTS 


WATTMETERS, Construction, The KF-24 
Wattmeter, The A-12 Wattmeters, Connec- 
tions, Principle of Operating, Inspection 
and Calibration, Single-phase Wattmeter, 
Poly-phase Wattmeter, Maintenance. 
FREQUENCY METERS, Construction, The 
KF-24 Instrument, The AB-12 Instrument, 
Principles of Operation, Test and Inspec- 
tion, Maintenance. 


CHAPTER V~ POWER FACTOR METERS 
AND SYNCHROSCOPES 


POWER FACTOR METER, General Des 
cription, Dismounting and Reassembling, 
Inspection and Calibration, Maintenance. 


SYNCHROSCOPES, Description, Inspection 
and Test, Maintenance. 


TROUBLE CHART 
FOR A-C. INSTRUMENTS 


90 pages 


Cloth, 5x 8 inches. Profusely illus- 
trated with circuit diagrams, sche- 
matic diagrams and photographs. 


$1.50 postpaid 


Payment must accompany order. 


The Instruments Publishing Co., Inc. 
845 Ridge Avenue 
Pittsburgh 12, Pa. 
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but designed for rugged service! 


Barton takes pride in the fine workmanship that is part 
of every product, from the tiny parts made on a jeweler's 
lathe to the forged steel pressure chambers. This fine 
quality means long life... with accuracy. 

Barton's engineering skill produced the truly rupture- 
proof bellows design that has made its mark in the 
metering field...covering Chemicals, Petroleum and Gas 
transmission. 

Barton sales representatives are always ready to help 
solve your metering problem. They can show you why 
Barton flowmeters require no specially trained personnel 
and require practically no service. 


When you specify Barton flowmeters these advantages are yours: 


BUILT-IN SAFETY FACTOR... Barton patented 
rupture-proof bellows. MODEL 202 RECORDER 


ECONOMY ... Low maintenance, no mercury Differential pres- 


losses, simpler installation, 

ACCURACY ASSURANCE... Temperature com- 
pensation: frictionless torque tube, 

EFFICIENCY . . . Externally accessible, built-in 
pulsation dampener. 

BONUS FEATURES... Versatility of installation, 
stainless steel bellows, wide variety of dial 
gradvations available. Permanent or portable. 


sure ranges from 
20” WC to 400° 
WC. Pressures to 
4500 psi. Static 


pressure pen is 








optional. 


Please request Bulletin 11C4 for detailed information 
of contact our sales representatives in principal cities. 


Fe r RIO INSTRUMENT CORPORATION 
A i INDUSTRIAL INSTRUMENTS 
1429 SOUTH EASTERN AVENUE ® LOS ANGELES 22, CALIFORNIA 
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P THE ONLY 1 oe 
Splendid valves 


with COILS GUARANTEED 
UNCONDITIONALLY 


-_ -~ 
vy for one year 


For automatic or remote control of 
steam, air, gas or liquid flow 

Packless * %” to 3” «© Full port 
area « Handle pressures to 1200 psi 
(steam 150 psi) + Only 1-lb. pressure 
holds valve open « Coils guaranteed 
unconditionally for one year «* Nor- 
mally open, explosion proof and other 
special types * Adjustable cushioned 
closing and manual opening built in. 


GOULD 


SOLENOID VALVES 


5. D. GOULD COMPANY 
730 £. WASHINGTON ST. © INDIANAPOLIS 2, IND. 


For more information circle 66 on inquiry card. 


FREE CATALOG! 


New 32-Page Catalog A covers 
25 types of solenoid vaives 
.. all with guaranteed coils. 








NIAGARA 
METERS 


Single nutating piston vol- 
umetric displacement type, 
with integrating registers. 
Indicating, recording and 
controlling attachments al- 
so available. 


For most liquids, 
including: 


e COLD WATER 
e HOT WATER 
e SOLVENTS 

e@ SYRUPS 


e OILS 
e CHEMICALS 


BUFFALO METER CO. 


2906 Main St., Buffalo, N. Y. 














CUT UNCERTAINTY AND 
COMPUTATION EXPENSE WITH 


NIL 


LINEAR GAS 
FLOWMETER 


FEATURES 
Linear Scale 
Readability 


Density 
Independent 

No Inertia 
Effects 

Low Pressure 
Drop 


Averages Surges 


The Model 30 Vol-O-Flo Meter operates between % psia 
and 20 psig. Indicator can be used up to 50 feet distant 
from the flow element. No levelling of indicator or flow 
element is required. Use of a mechanical differential pres- 
sure gage permits operation over the temperature range 
from —60°F to 180°F. Full scale flow ranges are available 
from 0.003 to 30 cfm for most gases. 


NATIONAL | NSTRUMENT [ABORATORIES. r 
6108 RHODE ISLAND AVE. + RIVERDALE, MARYLAND 


For more information circle 68 on inquiry card. 





FLUORESCENCE ANALYSIS 
with Ultra-Violet Light 
Aids Chemical and Physical Research 


Identification of many materials is made easy and con- 
venient with MINERALIGHT, for merely by turning a switch 
their distinctive color responses are instantly recognized. 
Fluorescence analysis saves time and money in these fields: 


Mineralogy Chromatography 
Geology Medicine 
Education 
Food and Dairy Industry 
Vitamin Identification 
General Laboratory Use 


USE MINERALIGHT 


ULTRA-VIOLET LAMPS 
Short Wave or Long Wave Modcls 


Criminology 


As necessary as a microscope and as re- 
vealing. 


MINERALIGHTS will pay for themselves 
many times by quickly and accurately check- 
ing contaminants, locating fluorescent chem- 
icals or materials—without damage to 
samples. 


Write for Bulletin ‘'The Ultra-Violet Lamp In Sclentific Research"’ 


ULTRA-VIOLET PRODUCTS, INC. 


143-145 Pasadena Avenue—South Pasadena, Calif. 











CHAPTER VI 
INSTRUMENTATION FOR CHEMICAL 
ANALYSIS AND CONTROL 


{Author now with a company which forbids by-lines} 


I. INTRODUCTORY NOTES 


NSTRUMENTS of the type discussed 

in this Chapter are popularly re- 
ferred to as analysis instruments or 
concentration instruments to designate 
their function in chemical process in- 
strumentation. Their ultimate purpose 
is to measure chemical concentration 
and/or identify molecular species. 

A precise definition does not permit 
a common and interchangeable classi- 
fication of concentration instruments 
and analysis instruments, particularly 
as applies to chemical process control. 
Instruments which analyze by direct 
measurement are one means to the 
end of concentration control, but it can 
be shown that non-analyzing instru- 


Sy 


ments are also applicable to chemical 
concentration by virtue of their use to 
maintain equilibrium conditions within 
a processing vessel as required by ki- 
netics of chemical reactions. As for 
example, a simple flowmeter which 
regulates feed to a reactor becomes 
a non-analyzing concentration control- 
ler because the laws of Reactor resi- 
dence and kinetics of chemical reactions 
express a fixed time relationship be- 
tween effluent concentration and influent 
feed rate. It follows, therefore, that 
analysis instruments per se are but one 
type of concentration instrument; the 
broader term “concentration instru- 
ment” may be sub-divided: 
(a) Analysis Instruments 
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Fig. 1. Pressure-bridge principle of absorption analysis instruments for gas analysis. Pressure 
difference at M, and M, is proportional te absorption in R when pressure difference at M, is zero. 
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Fig. 2. Volume metering pumps deliver constant proportional volumes of reagent and process 
liquor to electrodes. Controller feeds control chemical to process to maintain optimum concentra- 


tion. (See U. S. Patent 1,684,645). 


(b) Non-analyzing Concentration 
Controllers. 

Analysis instruments, as applied in 
industrial plant chemical processing, 
fall into two general categories per- 
taining to characteristic properties of 
the material measured. This general 
classification may be termed the MATE- 
RIAL PROPERTIES CLASSIFICATION. Fur- 
ther sub-classifications define the type 
of instruments, i.e., the principle of 
operations and the manner in which 
they are applied in measurement and 
control. Limitations of application and 
complexities of instrument types, and 
the degree of reliability and require- 
ments for maintenance attention reflect 
with sharp contrast the various instru- 
ments which constitute the two general 
branches of the ‘Material Properties 
Classification.” 

Industrial analysis instruments evolve 
from methods based on: 

(a) Chemical Properties 

(b) Physical Properties 








Fig. 3. Conductimetric titration characteristic 
of mixed weak and strong acids with strong 
base. 


of the material measured. They may 
therefore, be classified respectively, as: 
(a) Class “A” Instruments 
(b) Class “B” Instruments 
A wide variety of instrument types 
have been developed, but all are con- 
stituent members of either branch of 
the MATERIAL PROPERTIES CLASSIFICA- 
TION, and all may be indexed as Class 
“A” or Class “B” instruments. They 
analyze qualitatively or quantitatively 
by virtue of direct or indirect measure- 
ment of a chemical property or physical 
property of the material sought. 
Instruments in both categories are 
dependent upon the chemical nature of 
the process material to which they are 
applied, and, for the most part, require 
specific design treatment and individual 
application engineering. Technical per- 
sonnel must thoroughly analyze each 
process application to ascertain what 
outstanding property may serve to 
identify the material sought, and to 
determine what interferences will be 
encountered. A_ theoretical analysis 
leads to the selection of a preferred 
type of instrument, but it usually must 
be experimentally calibrated for, and 
adapted to, specific conditions of the 
application. A change of conditions of 
application may require re-adaptation 
of the instrument. 
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TABLE A-1—NON-REVERSIBLE CHEMISORPTION INSTRUMENTS 


Method Measured Effect | A pplication Range | Accuracy Remarks 


Automatic Orsat Change of Generally, analysis of | 0-100% | Basic Orsat principle, 0.2% | Operates on discontinuous 
sample at constant pressure | acid-forming gases | |of theoretical. Industrial] batch sampling at 2 to 3 


| 

before and after absorption viz. SO2, COs, ©O, | | automatic instruments, 0.5% | minute cycle rate Uses liquid 
| 
| 


| | 16% of range. chemical absorption reagent 
selective to the gas analyzed. 
Reagent becomes spent and 


| in chemical reagents ete. 


must be replaced, 


| 
i 
Pressure Bridge Pon loss in 
| fices or pressure bridge as a 
} result of chemical absorption 
| See Fig. 1 | 
| | | be replaced. 


gas sample. Generally uses 
dry absorbing reagent. Re- 
| agent becomes spent and must 





| 
| 

series ori Ditto above. | 0.5%10% of range Operates on continuous flow 
| 


TABLE A-2-——-REVERSIBLE CHEMISORPTION INSTRUMENTS 


Instruments of the types described in Table A-1 employ non-reversible catalysts and establish equilibrium with gas concentration and some 
absorbents. The reagent becomes changed in chemical composition by physical property of the absorbent. They do not become “spent” except 
the gas sample and must be replaced, Reversible absorbents behave as by “poisoning 
Method Measured Effect Application Range Accuracy | Remarks 

Catalytic Oxidation Electrical resistance of | Oxygen Analysis Not established Not established | Sensitive to small 
Reduction. sponge silver catalyst centrations of Os 
planted on glass wool 
contained in analysis cell. 


0.005% in range of |Applicable to continu- 


Catalytic Combustion. Temperature rise of cata-| Analysis of gases which | Trace quantities and 
5 (accu- |ous flow analysis. Vul- 


lyst, viz, Hopealite or sil-| undergo catalytic com-| low concentrations be- 0.01%:5 ppm. 
ver permanganate § con- bustion viz. CO, NHs, | low 0.1% racy) in range 10 ppm, |nerable to moisture in 
tained in gas analysis cell ete, to 200 ppm. CO, or 2% | sample. 

theoretical Oz in range | 


|0.001%-to 0.2%. } 














TaBLE A-3—TITRIMETERS* 


*Titration implies the measurement of concentration of an unknown metric methods are based on a volume-concentration relationship and 


material by virtue of its quantitative reversible chemical reaction with a resolve into methods of metering rolume of reagent and process liquor. 
chemical reagent of known concentration; and, the use of a suitable Instruments serve the purpose of detecting end-point equivalence, 
primary element to detect chemical equivalence of the reaction, Titri 


Type | Measured Effect Range Accuracy | Remarks 


Application | 


- | . a 
Potentiometric | Potential difference be-|Measurement of total! Low concentration] Under favorable condi-| Applicable to continuous 
| tween suitable indicator | molecular concentration | range below 10% tions well under 0.5%.| process control. See Fig. 2. 
| electrode & standard ref- | of electrolytes. | Poor potential ‘breaks’ | Useful in measurement of 
| erence electrode | may reduce accuracies | total acidity. Restricted pri 
to 1%-5% of theoreti-| marily to aqueous solutions. 
| | eal, 
Conductimetric A-c, resistance at 60 or | Ditto above and also| Dependent on charac-| 0.1% to 5% (or more) | Sometimes applicable when 
| 1000 eps. of test solution. | mixed solutes of differ-| teristics of materia)| of theoretical depending | solution potentials are too 
| 


| ing ionization constants, | measured. Used in high } 0 specific application. | weak to be resolved potenti 
ie., weak acids in pres-| or low concentration ometrically 
ence of strong acids. | ranges, 


| See Fig. 8. 





i 

| 

I om : y ne F ‘ 
Photometric | Difference of rate change | Total molecular concen-| Generally, medial con-| 0.1% to 5% of theo-| Applicable when equivalence 

electrometric 


tration or saponification | centration range retical potential of 
method is slow in reaching 
equilibrium. Can be used on 
dark-colored solutions with 
| appropriate light filters. 


of color of internal indi 
cators at equivalence, See | numbers of colored res 


Fig. 4. j}ins, ete 


} 
| 
} 
| 
| 
| 
| 
| 0.1% to 0.5% of theo-| Applicable to lower concen 
j tration of dilute solu-| tange, best below 1.0% | retical trations than potentiometric 
| tions concentration. types, and often the pres- 
| ence of foreign electrolytes 
| |do not interfere as in con- 
ductimetric methods. 


Diffusion current at polar = molecular concen-| Low concentration 


Amperometric 


ized electrode 


Q Metric Iiffective “Q” of an elec-| Ditto conductimetric| Ditto conductimetrie| Ditto conductimetric | Principal edvantage over con- 
| tronic circuit oscillating | titrimeters titrimeters. titrimeters ductimetric titrimeters; elec- 
|} at 1 megacycle and con trodes do not contact solu- 
|} taining the test solution tion and require no surface 
l|impedance as a circuit preparation. 
| parameter 








Miscellaneous Important titrimeters of recent development and future promise are (A) Thermometric and (B) Radiometric. (See Langer, 
U. 8. patent 2,367,949). They measure respectively heats of reaction and radioactivity loss 


SPECIFIC VERSUS NON-SPECIFIC However, from a user’s standpoint it cules. This ideal rarely occurs. It is 
ANALYSIS INSTRUMENTS is an ideal concept that all analysis not possible in most cases to “expose” 

Very few analysis instruments are instruments should be specific for a any of the common plant-type instru- 
specific for a given substance and re- given molecule and analyze, quanta- ments to an unknown solution and 
spond only to that substance irrespec- tively, the molecular concentration with- obtain a measure of concentration “X” 
tive of the presence of other matter. out interferences from foreign mole- without knowledge of the history and 
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TABLE 





Instrument 


Methods Measured Effect 





Electroplating current at 
controlled cathode 
tials 


Controlled poten- 


tial electrolysis poten- 


rates of migra- 
solvent & solute 
in an adsorptive phase. 


Relative 
tion of 


Chromatography 


Electrical resistance 
of hot wire 


Combustion 
processes (temperature) 
which sustains 
tion of test gas & reagent 
fuel. Or thermal condue- 
tivity and after 
combustion 


before 


Polarized Electrolysis current of 
cell cathode is 
depolarized by test gas 
diffusing through porous 
walls 


electrolysis wherein 


cells 


Thermal 
scrubbed 
tion by 


conductivity of 
from solu- 
reagent 


Scrubbing & 
extraction 


gas 
suitable 
scrubbing gas. 





Adsorption 
fractionation 





constituent. 


general composition of the solution. 


Some instruments of a research nature, 
to be described in Chapter XIV, are 
applicable in a limited way to the 
analysis of the composition and con- 
centration of constituents specifically 
of an unknown sample. For example, 
the are spectograph is widely used in 
metallurgical analysis to identify all 
constituent metals of a given sample. 
Although best adapted to trace analy- 
sis and the low-concentration ranges, 
it produces spectra which, with the aid 
of a densitometer, catalogs quantita- 
tively, all constituents of the sample. 

Instruments described in the follow- 
ing sections are non-specific. They are 
of the general type used in industrial 
practice and for the most part, require 
prior calibration or appraisal for a 
specific application. The listing does 
not comprise all individual instruments 
of a given class. Representative types 
are described and the listing will be 
amended as new types become avail- 
able. 


7] 


Fa 


MIRRORS 
Fig. 5. 
after absorption in filter cell. 


Analysis of metals in 
mineral 
larly rare earths & heavy 
“atomic”’ 
Ag, 


Separation & resolution 
of complex constituents 
in solution. 


Oxygen gas analysis or 
combustibles gas analy 
combus- | sis 


Oxygen analysis 


Disolved oxygen & dis- 
solved hydrogen in 
boiler feed water. 


Closely boiling hydrocarbon fractions are separated in a fractioning column 
constituent is adsorbed lowermost in column & lowest boiling constituent uppermost 
fractions out of the column into a volume metering device & 


Negative filter-type infrared filter photometer. 


Application - 


ores, particu-|100% assay analysis, 
metals, & Cu, 


Au, ete. 


Micro analysis of trace 
quantities or low con- 
centration range. 


yO, Oe 
0-%% Or 


0-0.2; 0-0.5 & 
0-1.0 ppm, Os: 
0-20 parts per 
billion He, 








thermal 


II. Class “A” INSTRUMENTS- 
CHEMICAL PROPERTIES TYPES 


Chemical properties connote a meas- 
urable quantity resulting from chemical 


| 


MICRO 
BURET 
! ‘ 


STIRRER . | 
— | | <b ricters 
—- | / | ~PHOTOCELLS 
BEE rm ennee ino es yy ig 
"ge | lee aie or aera |) 
> K as° | 
SOLUTION tae ees 
TITRATED <GLASS PLATE 
(a) 


PHOTOCELL NOI 


( 


* 


LAMP 


PHOTOCELL NO.2 


R, 2 
a 











\ 


CIRCUIT 


(b) 


Fig. 4. Schematic of photometric titration ap- 
paratus. 


SAMPLE 
FILTER 


Accuracy 
Very high with ions 
having widely separated 
decomposition 
tials 
with closely related de- 
composition 


5% to 10% of theoreti- 
cal, 


0.25% of range 
theoretical. 


Low 
0-25% Oz theoretical. High range, 
0.25% of theoretical. 


theoretical Oz 
theoretical He 


containing 


conductivity 


A-4—INDIVIDUAL TYPES OF CLASS “A” INSTRUMENTS 


Remarks 


Batch laboratory method 
Differing 
tentials of 
vide means of fractional 
separation and analysis, Elee- 
trolysis potential must be 
controlled. 


dex omposition po 


poten- metal ions pro 


Lower accuracy 


potentials 


Laboratory procedure, Ad 


sorptive phase may be col 
umn of silica gel, celite, ete 
or strips of filter paper 

Industrial instruments for 
continuous flow measurement 


& control 


5% of 


tnatru 
free 


range, 0.01% of |Continuous analysis 


ment, Limited to gases 
of Ch, SO2 & similar depolar 


izers 


Continuous stream 


Industrial type 


analysis 





activated carbon. Highest boiling 


A movable heater drives the adsorbed 


analysis cell which identifies each 


reaction of the test material and a 
standardized reagent, direct or indi- 
rect: chemical absorption, electrolysis, 
photolysis, heats of reaction, chromat- 
ography, adsorption or other chemical 
properties which distinguish a given 
material and serve to identify it. Chem- 
ical reagents or secondary supporting 
agents are usually required and the 
characterizing measurement of concen- 
tration is related directly to concen- 
tration of the reagent or indirectly to 
the supporting agent. Tables A-1 to 
A-4 cover a partial listing of some of 
the common non-research type indus- 
trial instruments. 


III. CLass “B” INSTRUMENTS- 
PHYSICAL PROPERTIES TYPES 


The foregoing Class “A” instruments 
are characterized only by their use of 
chemical reagents to effect a measur- 
able quantity which expresses chemical 
concentration. The measurable quantity 
is the result of a chemical reaction and 























a 


NULL-INDICATING 





COMPENSATOR 


CELL 


SAMPLE 
GAS 


POTENTIOMETER 
RECORDER 


Analyzed constituent gas is placed in filter cell. Bolometer signal is difference before and 
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In its original 


sense, 


photometry was 


designated as that 


B-1 


phase of 


TABLE 


radiometry which dealt with the measurement of visual light. Its conno 


tation 


in analysis 


instrumentation has 


been 


extended to embrace all 


types of instruments which measure absorption of energy at a specified 


Instrument 
Type 


Colorimeters 


Measured Effect 


| Depth or hue of color of | 


jlight transmitted by| 


Nephelo 
meters 


Fluoro 


photometers 


Visible 
light 


Ultra 
violet 


(ec) Infrared 


(d) xX ray 


Flame 
Photometers 


(e) 





Refractive inde 


Intensity 


x 


sample compared to 
standard. 


of monochro 
light scattered at 
right angles to axis of 
incident light beam. 


matic 


| Relative intensity of flu- 


orescence of sample com- 
a standard ex 
ultra-violet 


pared to 
cited 


light 


with 


of 
in 


Per cent transmission 
monochromatic light 


the visible range compared 
| 


to standard. 


Per cent transmission of 
monochromatic energy in 
the range 2500A°- 
B650A°, Usually com- 
pared to reference stand- 
ard. 


transmission of 
atic energy in 
range 2.5 to 25 mic- 
compared to stand- 
See Fig. 5 


Per cent 
monochrom 
the 
rons 
ard 


j 


j 
| 


indicators. 





| 

Application | 
Laboratory routine analy- | 
sis of solutions amenable 
to color measurements 
with or without internal 


concen 
col- 

par 

tur- 


Measurement of 
tration of disperse 
loids or suspended 
ticles in solution; 
bidity, etc. 


earths 
Oxy- 


Analysis of rare 
in microquantities 
gen in range 1x10-™" mol 





FILTER 


Ditto colorimeters | 


Absorption of UV energy 
by conjugate double 
bonds, ring-structured 
molecules & some inor 
ganic molecules gives 
measure of concentration. 


Usually analysis of gases 
which absorb IR energy. 
Has also been applied to 
liquid in liquid analysis. 





X-rays have a wavelength of approximately 1A° and 
They do not respond to electronic orbit arrangements which determine chemical properties as do infrared or ultraviolet and, there- 


fore, the absorption pattern for a given element is independent of 
The method is best adapted to analysis of high atomie weight elements 


whether the element 


is free or combined 


PHOTOMETERS 


wavelength throughout the electromagnetic spectrum. The magnitude of 


absorption 


in accordance with Beer's 


are treated in this 


Range 
Generally low concentra- 
tion range, but depend- 
ent on color depth. 


Dependent inversely on 
particle diam. & 4th 
of light wave- 
Generally low con- 
range, 


power 
length 
centration 


Quantitative in  micro- 
Qualitative in 
concentrations. 


range, 
higher 


PHOTOMETERS 


Ditto colorimeters. 


Best for trace quantities 
& concentrations below 
10%. 


Low concentration range. 
Usually below 20%. 


have high intrinsic energy. They affect only the electrons of the atomic nucleus. 


its state 








tie color imparted to neu- 
tral blue flame. Photocell 
detection. 


Intensity of characteris-| Anlysis of alkaline earth | 100 ppm 


metals, viz 
ete 


Na, K, Sr, Ca 


TABLE B-2 


is an additive function which constitutes a measure- 


ment of concentration of liquid mixtures when the total volume of solu 


tion is equal to the sum of the volumes of its 
characteristic 


refraction of 


molecular 


refraction is 


constituents. Or specific 


of chemical com 


pounds. Specific dispersion constitutes a measurement of refractive in 


Type | 
Minimum | 
deviation 
method 


Reflection 
method 


Total 





Oritical 
angie dipping 
type 


j 
i 
| 
| 


Description 


A prism is made of the | 


material whose refractive 


| index is to be determined 


devia 
re 


The angle of light 
is related 
fractive index 


tion to its 


A transparent cylindrical 
trapezoidal prism is 
surrounded by or contacts 
the solution to be 
ured. Ratio of scattered 
to transmitted light is re 
lated difference of in 
dices of prism & solution 


or 


meas 


into or 


fluid 


dipped 
in the 


A prism 
submerged 


| measured refracts light & 


| produces a light & dark 


| eal 


field divided by a “criti 
} 


index ray.’ See Fig 


| hollow 


| 
| 





Application 
Measurement of transpar 
ent or liquids. A 
glass prism 
through which a liquid 
is circulated has been ap- 
plied to continuous proc- 
ess control. See Fig. 6. 


solids 


Measurement of opaque | 
or transparent fluids at 
atmospheric or elevated 


pressures. See Fig. 8. 


Measurement of trans 


parent fluids. 





or below. Or 


4000 ppm. & below 


tEFRACTOMETERS 


(of monochromatic radiation) 





18s a 


law. Only the 
chapter. 


Accuracy 
May be low, 15%-30% 
theoretical dependent up 
on analyst's vision. Best 


; | 

accuracy is 1%-10%. | 
| 

| 


Kober type visual instru- | 
ment or photoelectric type | 
1% of theoretical 


1%-5% of theoretical in 
trace analysis. 


Use of photocells to re- 


place human eye increases 
accuracy ten-fold over 
colorimeters. 


0.1%-5% of theoretical. 


0.1%-10% of theoretical 
dependent on specific con- 
ditions. Sensitivity can 
be increased by ‘“pres- 
sure broadening.” High 
conc. analysis limited by 
sensitivity saturation. See 








Fig. 7. 





of aggregation. The 


+ to +3.0% of 


theoretical 


non-dispersing 


pattern 


function of concentration 
instruments 


Remarks 
Widely used laboratory 
instrument but limited by 
analyst's color vision. 


Method is capable of ex- 
treme sensitivity, i.e, 1 
part in 300 million. 


Capable of extreme sen- 
sitivity. More accurate 
than Nephelometery _ be- 
cause of absence of dif- 
fuse reflections. 





Probably most widely 


used of all laboratory in- 
struments. Double beam 
instruments are used in 
continuous flow analysis 
& control. 


Suitable for analyzing low 
concentrations H:S, Cl, 
CoHsCls, xylene, acetone, 
CeCle, Os, aniline CSe, 
Applicable to continuous 
process control. 


Instruments best adapted 
yas analysis because 
the condition of one con- 
stituent showing strong 
absorption in a weak 
field from interferences 
is favored more by gases 
than liquids. 


to 


remains unchanged 


Laboratory Instruments. 


dex at two different wavelengths of light and expresses a characteristic 


of liquid 
but, for 


function 
measured 


composition. Transparent 


the most part, industrial 


index are confined to liquid measurements 


Range 
nlimited, This the 
method for fun 
damental determinations 
Industrial fluid instru 
ment range 1.1500 to 
1.4700. 


is 


classical 


Limited, Dependent on 
relative index of prism & 
fluid Pressure 


range 


measured, 
0-150 psig 


Usually narrow rangeabil 


ity, ie., .04 (1.82-1.36) 





Accuracy 


Very hich 
Tilton, I 
Stds., J. Res., Vol. 14 P 
393 (1935) for discus 
sion of factors affecting 
accuracy 


S. Bureau 


*0.00004 to *+0.00005 | 


Ususally *0.000038 to 


+0 00004 


| 2,413,208, 


1 opaque solids may be 


measurement of refractive 


Remark 
Widest range of common 
industrial refractometer 
methods, See U.S. patent 
Industrial 
type instruments restrict 


‘ed to low pressure trans 


parent fluids. 


Limited rangeability. 
Principle well adapted to 
industrial instrumenta 
tion 


known commercial 


refractometer 


Only 
recording 





Pasie Bez REPRACTOMETERS (¢ 


Dese pene n Application Range decuracy Remarke 


Differential beam of light passing | Difference concentration | Range of coverage usual- | Full scale range 40002; Suitable for continuous 
Refractometer | through two divided liq- | of two fluids. Or percent- |ly narrow but sensitivity | sensitivity 0.000002 at /stream analysis 


| 
age composition of test |is high. Pressure range | 1% aecuracy. Full scale | 


uids is refracted as a fag 
function of the difference | fluid compared to pure | low at minimum = sensitivity 


in indices of the two ! constituent 0.01 to 1% aceuracy 
fluids 
continuous stream controllers operating at below ambient temperatures 


Refractometers require pure monochromatic light, usually the sodium 
index 


‘D” line or mercury green line. They are critically affected by tem \ll continuous flow refractometers have this limitation. Refractive 
perature and require temperature regulation. Condensation fogging of 1.9 is usual top limit of industrial refractometers 
prism surfaces has been a source of trouble in minimum deviation type 


INDIVIDUAL TYPES Of sAS INSTRUMENTS 


Instrument | 
Type Measured Effect tpplication 
~ ‘The rmal lElectrical resistance Analysis of gases having | 0-10% 


to 20 ohms) | amenable thermal conduc dependent on gas com retical. E ‘ can be 
100% or more if instru trial gas analysis within 


Remarks 


100% | Usual 1%%-15 theo- | One of the most practical 
Conductivity j nominal 5 jinstruments for indus 
lof a heated wire 2 mil) | tivities, viz. He, Cle, COx, | position 


| at constant current or po- | SOs, et« ment not properly ap its limitations 


|tential in contact with plied 
janalysis gas 
Electrical A-c. electric resistance of | Solution analysis \ May be limited or 100% | 0.1% to 10% of theoreti- | Eleetrode maintenance 
Conductance }solution contained be- | HeSO« strength i coverage depending on so- cal dependent on applica 
appropriate elec purity condenset ak lution characteristics tion 
trodes age salt concer Applicable to dilute solu 
ete tion analysis 


limiting factor. D.e, ean 
l tween be used above 1 megohm 
measured resistance at 


low concentrations 


D-c, potential difference | Measurement — of ictive 0-14 pH Usually 0.1 pH for in Available as continuous 


between indicator eleec- | acidity in solution, prin dustrial instruments process controllers 
trode (usually glass) and | cipally aqueous 
fixed reference electrode 
Approx, 60 mv per pH 
change 
Dielectric Effective capacity at 1 to | Fluid analysis, usually at | V=1 to insulating di-| Varies with constituents | Dielectric loss measure 


disper- | electrics; 6 to 30 semi-| of fluids measured 10 | ments at usual accuracy 


Constant o1 } megacycles of test fluid | frequencies above 
of 5%-10% theoretical 


| conducting dielectrics: 30) ppm. or above 


Dielectric contained between fixed |sion range. Viz., 
di are most amenable to in 


Loss electrodes, Or current |HeOd to 100 conducting 
phase angle caused by | CHsOH s1.: electrics 
current losses in dielee- | CoHsOH 
tric CoaHes 


dustrial instrumentation 


Fractional Precise regulation of dis- | Separation & identifica Liquids having boiling | Resolution of boiling tem Widely used for labora 


Distillation | tillation parameters ef-|tion of hydrocarbon mix- | points -160 C, to 350 @.| peratures 0.05 to 0.10 € 
fects close separation of | tures 
boiling constituents. Top 


tory separation & identi 
fication of hydrocarbon 
mixtures 


temperature identifies 

constituent 
Calorimetry Temperature difference | Measurement of melting | Usual range used Low temperature range Laboratory type instru 
between “freezing” solid | point or freezing point | 100-1500 } resolution 6.50. High | 
& inert standard contain- | identifies purity of solid temperature range 3 F 


ments, Automatically reg 
ulates rate of temperature 
ed in Calorimeter compound change in calorimeter & 

plots freezing curves 
\ 


Acoustic Gas (a) Frequency Shift Measurement of gases |Generally determined by differences in molecular | See | S. patent 2,283 


Analysis Change in frequency | having high molecular rig fx s in mixtures to be resolved 750 applicable to continu 


of a signal passed | weight. Frequency shift 
through test gas is function of molecular 


ous stream analysis 


weight 
, 

Sound Velocity Measurement is a fune-| Aecuracy & range is contingent upon mixture of Laboratory nieasure 
Length of nodal ition of gas density gases measured, He in air, O-—100% in 6% spans | me nts 
points or velocity of COs, O 133% in 16% spans CHs, O-—40% in 
constant frequency 20% spar 
signal passed through 
test gas 


is directly related to concentration of 
the desired constituent. PRISM CELL “sy 


s 


Class “B” instruments do not use 
chemical reagents. They measure con- 
centration by direct measurement of 
one or more physical properties of the 
material sought. There is no distinction 
in terms of primary elements. Both 
classes use the same detectors. 

Tables B-1 to B-5 give a partial list- 
ing of some of the more common non- ’ a 
research type Class “B” instruments SAMPLE CONNECTIONS” C 
generally used in the laboratory and/or , Pu ~ 
applied to continuous process control. .rN SAUTE PHOTOCELL S 


COLLIMATO_ 


~~ “a 


(— LIGHT SOURCE ANGLE MIRROR 


IV. PURIFICATION TRAINS 


Almost all analysis instruments re- 


quire the use of purification trains to Fig. 6. Minimum deviation-type refractometer for continuous recording and control 





Instrument 


Optical rotation of polar- | Identification of Tauto- Low 
ized monochromatic light | merism in aromatic ring | ranges. 
beam passing through test 


Rotation 


* 


magnetic 


I 
it 


rro magnetiar 


paramagnetic if it is more permeable 
method particularly outstanding for instrument analysis 


TabLe B4—MAGNE 


Measured Effect A pplication 


structures benzenoid | 
& napthenic 
bons. Mixtures of benzene | 
& cyclohexane & 
ete 


Viz 
contained hydrocar- 


field. 


pecimen in 


hexane 
compara Car 


in steel or similarity 
| of test specimen & stand 


mpedance of test coil at 
wo different frequencies 
250 & 500 eps) contain 
specimen as core 


Metals 
bon 
( 


ng test ard, 


MAGNETIC 
field 


A substance placed in a magnetic is said to be 


Useful in sorting & classifying metal stocks or 


some 


iC PROPERTIES 


Accuracy 


Range 
To 0.5% theoretical 
depending on liquid 
| mixtures 


concentration 


Iron content 


resolved 


materials. 
copper 


non-magnetic 


1 006% to 0.021% in 





SUSCEPTIBILITY 
diamagnetic if it is less permeable than a vacuum, or 
The parsmagnetism of certain gases, particularly oxygen, renders the 
Inter 


See P. W. Selwood, ‘“Magnetochemistry, 


Remarks 


Laboratory apparatus 


primarily adapted to 
hydracarbon analysis 


standardized 
sample to 
specimen is 


Instrument 
standard 
test 
compared 


on 
which 


science Publishers, New York, N. Y. Fig. 10 expresses relative paramagnetism of common gases with oxygen 


t 


Parada 
Uniforn 

Field 

Method* 


Non 


paramagnetic 


Therma 
Agitation 
Method** 


one 


the 
within 


fo 


So classified by 
placed 


a body 


denser fie with a 


/natrument 
Type 
Tuning fork 
method 


Hydrometer 
Partially 


Totally 


or 


submerged 


submerged 
float 


lotally 


Recording 


Pycnometet 


Pneumatic bubble 
tube or submerged 
air reaction 
diaphragms 


Cartesian 
diver 


Drap cup density 


balance 


Edwards gas 


density balance 


Electrostatic 
essary 
sion indicator to null bal 


ance 


of 
gas 


fects thermal 





descrip 
8 


for 


limits 
l 


Space 
referred to 


Instruments the 


114 


Dey 


aken as 100% 


See 


Pat 


Oxygen Gas analysis 
L. J. Pauling U. 8 
ent 2,416,344 


force 
restore 


nec 


to a tor 
non-uniform 


field 


in @ 


Difference in resistance | Oxygen gas analysis 
hot wires in 
field 


acitation 


test 
ef 


in 


two 
Magnetic 


leg 


writer because Michael Faraday first observed that 


field attracted to the 


proportional! to its paramagnetism 


a non-uniform magnetic is 


ree 


TanLe B-5—DENSITY 


Effect Application 
Resonant frequency of | Measurement & control 
of tuning |of fluid density at low or 
cavity pressures 

test 


Measured 


vibration 
fork 
through which 
fluid flows 


a 
resonant high 


the 


or 


Magnetic coupling in| Liquid specifie gravity 


transformer 
hydrometer 

f light 
intercepted by hydrometer 
head 





| 
| 
| 
| 
| 
| 


bridge sur measurements at atmo 


or | 


| 
| 


rounding spheric pressure 


( heam 


intensity 


Aid or density 
matic pilot re 
force 


float 


Liquid sp. gr. 
measurements 


pressure pneu 


at atmo 
high 


vacuum 


from 


bouyant totully [spheric or very pres 


submerged sures or 
} 


! 


weight 


Liquid density or sp. gr 


normal 


ich 
of 


sphere 


Air 
counteracts 
fixed 


pressur 


measurements at 


volun or high pressures 


through which test solu 


flows 





tion continuously 


Measure 


ap 


back 


two 


Difference liquid density or 


between 


in pres 
in processing ves 


flow 


air gr 1 


ed 


sure 
bubble 


at different elevations 


tubes ibmerg sel or continuous 


chamber 


density 
atmospheric 


iquid | Liquid measure 
lish 
of a 


baloon 


above 


Air pre 


necessary 


ine 

to 
palance 
glass 

liquid 


estat ments at 


equilibrium pressures 
submerged 


n test 





applied to boiler 


sually 
0 


Difference in drag 
of two floating 
wheels coupled to driven | drag of test gas to drag | 


through d air 


torque 


vane analysis. Compares 
| 


| 
| 


wheels gas to be | of standa 


measured 


Compare densities of two 
gases or of test & 
standard air at fixed tem 
perature 


Pressure difference nec 
easary to balance 
float at 


medium of air 


bouy- gus 
a 


{ neut in 


& 


test 


reader 
“Tests of 
of the 


instruments rhe 
Publication M177 
Recording 


available is 


Mise 


Indication 


all 


of 
of Commerce 


tion 
rt 


Determination or 


| Min 
200ppm 


| spans 0.005 to 


| to 


| 

is O-1% with sensitivity of | 
of theoretical. 
of +1.0% of 


Std range 


accuracy of 0.02% 


oor 


& 


Max. range 0 with 


range 


“ accuracy 


of 
€ 


of 


accuracy 


with 
0 


0 


Min. Std 
+0.1%. 


an accuracy 


100% 


range 
Maximum 


range 


| measurement & 


**Early workers in the field of Magnetochemist 
in magnetic field enter into 


to paramagnetic properties 


a uniform 
their 


cules 
tional 


& SPECIFIC GRAVITY 


Range Accuracy 


! 
Range & accuracy is dependent on relative den 
sity of tuning fork & test fluid. Industrial fluids 


| 
i 
sp. gr. 1.0-1.89, accuracy 100 ppm | 


| 0.0002 or s¢ range 


is greater 


Full range sp. gr. meas- of 


urements with scale] whichever 


05 


of to 0.005 


sp 


Usual range cover 0.01 
age 1.0-2.9 gr. de 


pending on float dimen 


Approx 
sp. er 


sions 


ull range coverage in| 0.0005 to 0.001 


of 


’ 


scale 0.05 or 


0.1 sp 


spans 
ger 


0.1 to Lin. W. C 
| sure corresponding 


Usual range of applica pres- 


ap. gr. 





tion 0.8-2.0 


or- 
ac 


of 


solutions in 
0.1% with 


of 0.038% 


Dilute 

i der of 
curacy 
theoretical 


De 
pe dent on relative den 
of baloon & test 


Range very narrow 


sities 
liquid 


O.01 ap gr 


compen- 


sual coverage 


1 


Approx 
with viscosity 
sation, 


range 


{ 
1 3 gr 


sp 


Applied range, 0 6100 | Approx. 0.0005 


2.05600. 


me 
this 
to 


is 


The NULL balance 
uring principle of 


instrument adapts it 


| wide range measurements 


with high accuracy. 

Rugged construction for 
continuous industrial flow 
control 


ry observed that gas mole 
thermal agitation propor- 


Remarks 


Applicable to continuous 


| process flow measurement 


& control. Not flow criti 


cal. 


Satisfactory for continu- 
ous flow measurements 
but flow critical outside 
narrow limits. 


Rugged industrial in 
struments. Flow critica 


narrow limits 


| 


outside 


Instrument is flow insen 


sitive over wide range 


Air must be bubbled at 
constant rate. Applicable 
}to suspensions & meas- 
urements under pressure 
within limite. 


Laboratory instrument 
Non-flow type. 


Instrument must be stand 
ardized at known viscos 
ity. Continuous flow an 
alysis at atmospheric or 
elevated pressures. 


Laboratory non-continu 
ous instrument. 





Specific Gravities of Gases.” This book preser 
tive analysis of various instrumental methods 


its an exhaustive compara 





remove impurities and “gunk” or to 
pretreat the sample prior to measure- 
ment. These trains are usually as- 
sembled from standard laboratory 
glassware. Various chemicals such as 
concentrated sulphuric acid, phosphor- 











CONCENTRATION 
’ — > 


Typical saturation characteristic of 
B analysis instruments. 


Fig. 7. 
many Class 


ous pentoxide, volatile organic solvents 
etc., are used to pretreat the sample 
prior to analysis. 

Pretreatment is quite necessary and 
scrubbing trains are satisfactory in 
laboratory usage, but efforts to adapt 
them to plant instrumentation have 


Porolle! 
Light 


lo 





Somple 
a 





Fig. 8. Trapezoidal prism for single-reflection 
refractometer. 


not been successful. In their present 
stage of design, they are the major 
source of complaint which plant people 
have against analysis instruments. 


V. ANALYSIS INSTRUMENTS 
AS CONTROLLERS 


The concept of applying analysis 
instruments to measure concentration 
of process constituents suggests their 
use to measure end product and regu- 
late all variables to obtain maximum 
yield. Unfortunately, this cannot be 
done and analysis instruments are lim- 
ited in their mode of application as 
process controllers. They have been 


successfully applied to perform two 
control functions. 

A. Physical Separations:—Mixtures 
which are separated in the absence of 
a chemical reaction such as distillation, 


extraction, absorption, etc., have no 


or a catalyst appears in excess. At 
this point some regulatory steps must 
be taken. Or, in continuous processing 
it is sometimes desirable to maintain 


Slit 
Multiplier 
Phototube 
Slit Arm 
Pivot 
Main Cam 
Motor 
Gear 
Cam Follower Pin 
Spring 
Voltage Source 
Voltage Divider 
Microammeter 
Phototube Load 
Resistor 
Dry Cell 
Amplifier 
Pen Cam 
Pen Arm 
Pen 

) Chart 
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Fig. 9. Principle of recording immersion refractometer. 
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SASS 7 AOE + 44% 


CARBON DIOXIDE — 9,63 


ETHANEK - 0.82% 


CALBON 


MONOX/OE -~ 0,35 % 


METHANE -0.37% 


HY OPROGEN~ 0.123 % 


N/ITICOGEN - 0.36% 


<——--—_ secaed 
QIAMA GIVE 7/5 
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Fig. 10. Relative paramagnetism of some common industrial gases. 


anomalous characteristics and are 
amenable to automatic regulation with 
analysis instruments. Reflyx control on 
distillation columns has been a success- 
ful application replacing less sensitive 
temperature methods of separation. 

B. Reaction Arrestors:—In certain 
processes it is desirable to add reactants 
to a batch operation until a reactant 


tain concentration environment of a 
reaction at specified value. Analysis 
instruments have successfully and prof- 
itably served in this capacity. 

As a general rule, these instruments 
cannot be applied directly, or indirectly 
as reset devices to measure concentra- 
tion of end product and regulate feed 
of reactant to obtain stoichiometric 
yields. 











TRUMENT 


VIS -- 


DIVISION 


| PORTABLE 
AND CONTINUOUS | 


| 
GAS ANALYSIS! 


SYSTEMS | 

V Catalytic Combustion 
V_ Electro-Conductivity | 
| 


VV Thermal Conductivity 
\/ Photochemical Reactions 


COMBUSTIBLE 
GAS DETECTOR | 


— | 


a 


PORTABLE | 


Quick, dependable 

on-the-job analysis. 
Model M-1 

Send for Bulletin 1147. 


SEMI-PORTABLE | 
ELECTRO- 

| CONDUCTIVITY 
GAS ANALYZER 
Accurate on-the- 
spot analysis 
of SO2, HeS, 
chlorinated hy- 
drocarbons, ni- 


trous fumes, etc. 
in toxic ranges. 


Send for Bulletin 11-70 


CHEMICAL 
OXYGEN 
ANALYZER 


surement of oxy- 
gen in gaseous 
streams, 0-100 
P.p.m. 


Send for Bulletin 11-40. 


Continuous mea- | 


Progressive Manufacturers 
| of Gas Analysis Instruments. | 


| DAVIS EmEce<" CO., INC. | 








think first of 
Consolidated 


Consolidated Analytical 
; and Control instruments 
C h emica make electronic precision 
analysis and speed available to 
the fields of petroleum 
and control and petrochemical 
processing, biological and 
medical research, testing 
G re of high-vacuum and high- 
p ‘acess pressure products and 
monitoring Bes continuous monitoring of 
’ Cg gas lines and the 
air pollution atmosphere. 


A related group of 


control instruments, varied enough 
for a wide range of 
applications and budgets, 
Consolidated Analytical 
leak and Control Instruments 
, are presented in a new 
detection catalog. Write for your 
copy of Bulletin CEC 
1302A-X1. 


Consolidated Engineering 
Corporation 


300 North Sierra Madre Villa, Pasadena IS, California 
e 71 


Gow-Mac Thermal Conductivity 


GAS 
ANALYSIS 


—for plant streams 
and laboratory 


@ INDUSTRIAL PANEL INSTRUMENTS 
HIGH SENSITIVITY—Monitoring of 
hydrogen, oxygen, helium, etc. for 
ranges such as: 

99.5-100% Argon +.005% 
99.0-100% Oxygen +.01% 
INTERMEDIATE SENSITIVITY—For 
monitoring mixtures and tracing im- 

purities such as: 
Electrolytic Oxygen Purity 
99.8-100% +20 ppm 
Electrolytic Hydrogen Purity 
99.6-100% +40 ppm 
@ GAS-MASTER 
PORTABLE INSTRUMENTS 
Self contained Gas-Master units for ex- 
ploratory work, design of sampling sys 
tems and intermittent service. 
@ GOW-MAC SENSING ELEMENTS 
Various geometries and filament types of 
meet problems of mass production or 
special applications. 
@ GAS CHROMATOGRAPHY 
APPARATUS 
Units for gas chromatographic serv- 
ice designed and manufactured to 
specifications. 
Call or write for complete information 


INSTRUMENT CO. 


100 KINGS ROAD, MADISON, N. J 











A Supertor Detector 
for 


Infra-Red Spectroscopy 


GOLAY 
PNEUMATIC 
DETECTOR 


Among the characteristics that render the Golay Detector superior to other types 
of detectors for use in infrared spectroscopy are 


. An effective sensitive area 3/32” in diameter. 

. Sensitivity of 6 x 10°!1 watts RMSENI when used with “chopped 
beam” method and with recording time constant of 1.6 second. 

. Uniform sensitivity from the ultra-violet through the visible and the 
entire infra-red, and up to the micro-wave region. 

. Improved, drift-free, A.C. operated amplifier with step gain controls 
and four response periods. 


Write for EPLAB Bulletin THE EPPLEY LABORATORY, INC. 


eed SCIENTIFIC INSTRUMENTS 
2 SHEFFIELD AVENUE, NEWPORT, RHODE ISLAND, U.S.A. 





Versatility ... the keynote of steel 


or iron analysis with the LECO 
Special crucible cover* 


Induction Furnace. With a single a 
nduction Furnace La single der 150 catecicte a 


LECO Induction Furnace, you sulfur as sulfur dioxide. 


can quickly and accurately effect carbon 
analyses by gravimetric, gaseometric and 


conductometric methods, as well as sulfur a me ie, ' 
7 ° With the LECO unit, either or both sides 
analyses by the combustion method, ? of the induction furnace may be used 
for sulfur or carbon analyses. 


Exclusive Jet Combus- 
tion Tube* for instanta- 
; neous ignition of the 
includes timer, crucibles in four sizes, two . somple. Reduces anal- 
ysis time and assures 
complete combustion. 


LECO Induction Furnaces are available in 


one or two-tube models. Full line of accessories 


sulfur determinators, nine carbon determinators 
and quartz-enclosed carbon crucibles, Continuous 
research produces new accessories to meet 


the most exacting laboratory demand. Compact new LECO Catalyst Furnace plugs 
into either side of unit, is quickly and easily 
removable. Saves time, analysis costs. 


“Pot + Pe 


L ABORAT e] RY & Qa U 5 PM E N T Take advantage of LECO free field engineering service, 


Zone 9, St. Joseph Michigan available in many sections of the country 








CHAPTER VII 


DETERMINING PHYSICAL PROPERTIES 
AND TESTING FINISHED PRODUCTS 


By HOWARD C. ROBERTS 


SIGNIFICANCE OF THE TERM 
“PHYSICAL PROPERTY” 


OST of the measurements made 
M in the plant or laboratory are of 
discrete values—measurements of 
quantity, of rate, of time, and the like. 
There are many specific instruments 
for such measurements. The determina- 
tion of physical properties, however, 
usually cannot be accomplished so eas- 


physical properties pertaining to ma- 
terials are those of quality and of con- 
dition; they are most often those char- 
acteristics which serve to identify a 
material, to indicate its purity or 
strength, or to evaluate its behavior 
under some set of conditions. 

It is obvious that a measurement of 
dimension cannot describe a property; 
neither the volume nor the mass of a 


mension may, under certain circum- 
stances, be used as a criterion of ac- 
ceptance of a finished product. 

Most of the physical properties with 
which the user of this Handbook is con- 
cerned must be determined by measur- 
ing more than one magnitude and per- 
forming a computation, as in the de- 
termination of density. For conven- 
ience, the apparatus is often so made 
that it automatically performs the com- 
putation; thus, the specific gravity of 
a liquid may be determined by means 
of a hydrometer or a pycnometer—in- 
struments which, in a single operation, 
take into account both the mass and 
the volume of the liquid sample. 

The essential factor in the determina- 


tion is not the particular instrument 
employed, but the METHOD. Economic 
considerations have impelled designers 
to produce specialized instruments for 
easy determination of the more useful 
physical properties; such instruments 
are practical and economical. Actually, 
the work which can be done so easily 
with their help could also be done by 


solid, for example, can possibly serve 
to identify the material of which it 
is composed. The quotient of these two, 
however, is the density of the material, 
and density is a property—a charac- 
teristic of the material. Since two mag- 
nitudes are involved, the term “determ- 
ination” is more suitable than “meas- 
urement.” A single measurement of di- 


IDENTIFICATION OR ACCEPTANCE TESTS 


PHYSICAL PROPERTIES: LABORATORY 


ily, nor so directly, as measurements 
of magnitude. 

The word “property” is defined by the 
dictionary as “whatever belongs or per- 
tains to any object”; and properties 
are usually classified as those of qual- 
ity or action (intrinsic and essential), 
and those of relation or of condition 
(extrinsic and non-essential). The 


GROUP 1: 


TABLE 1:1 


Name of Property Method or Instrument Name Materials Principle or Phenomenon _ Accuracy ; other notes 


High, de pending upon te chniques 
Apparatus available for many 
kinds and sizes of specimens 


High, 


Measurement of elongation with 
increase in temperature 


| 
| 
Dilatometer | 
} 
| 
| 


Any solid 


Linear expansion 


liquid 
scale 


determined by 
weight by 


Any solid Volume depending upon technique 
displacement, 

| Directly-graduated devices ; 
pyncnometer requires weighing 

Any solid not soluble | Increase in weight due to ab 

in water sorption of liquid 

Any solid | Volume of fluid permitted to pass 

| per unit time at known 
pressure 


Density wravity | Pyenometer; liquid-displacement 


method 


or specific 


Density on Hydrometer, pycnometer, West Any liquid High 


phal balance 


specific 

ete } 

Moderately 
possible 

Moderately high, 2 
possible 


Porosity Water- absorption method high, 1 percent 
balances 
Mluid permeameter 


Fluid permeability percent 


STRENGTH OF MATERIALS 


Modulus of Any solid which can High; depending upon technique 
be formed into a 
specimen 

Any solid which can 
be formed 

Any solid which can 
be formed 

Any solid which can 


be formed 


strain gage Quotient of unit stress and unit 


strain 


Testing machine, 


elasticity 


Load at which increases 
non-linearly 


stress 


Yield strength | Testing machine, strain gage strain Moderately high, 2 percent usual 





Tensile or 
strength 


COMPressive | Testing machine, strain gage Maximum before failure | Moderate, 2 to 5 percent 


Elongation before Testing machine, strain Moderate, ‘ percent 


failure 


gage Permanent elongation of zineh| 


length of specimen 
IMPACT RESISTANCE: 
Tensile impact 





Pendulum impact on notched | Moderate, ‘ 


tension specimens 


Modified pendulum machine Any meta) percent 





Pendulum impact on _ notched | Moderate 
simple-beam specimens 
| Pendulum impact on_ notched 


cantilever-beam specimens 


Simple beam impact | Pendulum machine, Charpy Any metal percent 


Cantilever be Pendulum machine, Izod Any metal Moderate, 2 5 percent 





am impact | 


rABLE 1:2. ELECTRICAL AND MAGNETIO CHARACTERISTICS 


Name of Property Method or Instrument Name Materials | Principle or Phenomenon Accuracy ; other notes 


Any conducting material | Electrical resistance versus 
} dimensions 





0.01 percent in laboratory con 
ditions, Dimensional measure 
ment required. 

. Voltage at 

| usually observed ; 

within tolerance 
| Ratio of capacitance of test) 0.05 percent, Frequency may 
cell with air dielectric to affect values; resistance must 

{ capacitance with unknown be considered 
Production of potential at junc-| 0.08 percent; higher under pre 
tions of dissimilar metals cision conditions 


| 
Specific resistivity | usually 


Kelvin 


Resistance bridge, 
Wheatstone or 


breakdown 
noted as 


Dielectric strength | source Any insulating material Voltage breakdown 


High-voltage 


Specific inductive capacity | Capacity bridge Any insulating material 


constant Any metals 


chambers 


Potentiometer 
temperature 


Thermoelectric power 


of ferrous materials 
Rowland-ring 
Burroughs doubie 
Fahy permeameter 
High-H permeameter 
Saturation permeamete! 


Magnetic properties 


Magnetic force 
Normal induction 
Normal permeability | | 


prope rties 
apparatus 


Normal induction, 1 percent 
Residual induction, 2 percent 
Coercive force, 5 percent 


method | Any soft steels Chis entire group of 
yoke | (Any magnetic mate riat || | is determined with 

fo magnetic material > | which makes possible 
Any magnetic material | | magnetic 
Any magnetic material produced by known currents 
| through standard coils; details 
&. re A be found in ASTM Spec. 
' 


measure 


Residual induction ment of the field 


Coercive force 


Any PS cco of watts absorbed 
in core of a transformer con 
taining test material as core. 

lamination materials | Measurement of ohmic resistance 

| through stack of laminations 


Core loss core materials 2 percent 


| Epstein apparatus 
| 

not high, about 1 per 
Jsed only as criterion of 
stacking 


Normally 
cent 
quality of 


Interlamination resistance | Resistance bridge Any 








Name of Property 





DUCTILITY: 
Elongation of metals 


Deep-drawing properties 
Bendability 
CONSISTENCY: 

Slump of wet mixture 


Flow under vibration 


Sticky point 
Softening unde: 
Plasticity* 
Viscosity * 
HARDNESS: 
Brinell 
Rockwell 


Diamond pyramid 


Scleroscope 


*It is most convenient to distinguish between viscosity and plasticity by 
noting that when the rate of flow is plotted against the applied force the 
origin 


eurve passes through the 


Name of Property 
Melting point 
Melting point 


Melting point 


Boiling point 
Boiling point 


Boiling point 


Specific heat 


Thermal conductivity 


ame of Property 


Hardenability 


Machineability 


Name of Property 


X-Ray diffraction 
Spectrographic 


GROUP 2: 


Name of Property | 

—_ j 

Inclusion content of } 
metals 


Inclusion content of 


materials 
Soundness of solids 


Soundness of solids 


Homogeneity 


| 
{ 


| Compression 


| Viscometer 


Brinell 


| Hot-plate; 


Calorimeter 


| Hull-Hanawalt 


Mu thod or “Instrument Neme e | 


se 71 


Tension testing machine | 

extensometer | 
test in die | A 
machine | A 


5) 


Bend-test 


Slump test | Ce 


Flow test C« 


‘Sticky-point sc 
tall and ring test 
Viscometer 


apparatus 


Ar 


hardness tester 


Rockwell tester | Ar 


Diamond pyramid tester Ar 


Scleroscope 


when the material is visco 


TABLE 1 


Method or Instrument Name 


| La 
m 


| M 


Refrigerator; thermocouple 


Hot-plate; thermometer 


Furnace or 


optical 


thermocouple, 
pyrometer | 

j 

| La 
m 


| Me 


Refrigerator; thermocouple 


thermometer 


H 


thermocouple 
pyrometer 


Furnace 
optical 


or 
| 


Thermal conductivity appar- | 
atus 


TABLE 1:5 


Method or Instrument Name 


End-quench or Jominy Test | St 


Herbert method A 


TABLE 1 


Method or Instrument Name 


| 
‘ | 
method | 


A 
Spectroscope, A 
Spectrometer 


PROPERTIES OF REFINED PRODUCTS, BUILDING MATERIALS, 


TABLE 2:1. 8’ 


Method or Instrument Name 


Magnetic particle method P 


Al 


microscopic | 


Macroscopic and 
examination 


Radiography 


Ultrasonic; reflection of 


sound pulse 
P 


Magnetic analysis 


Asphalts 
Any 


Any 


Any 


Hi 


(ny 


MECHANICAL 


Nearly 


TABL E 1 8 RHEOLOGICAL PROPERTIES 


Materials 


ny metal 


ny sheet metal 


ny metal 


yncrete, mortar mix 


mcrete mriis 

ils 

tars, etc 
soft material 


iv fluid material 


solid thin 


sheet 


except 
iy solid 
solid 


ly 


metal 


plasti 


us, but that it 


:-4, THERMAL 


Materials 


melting-point 
—300 to 


»w 
aterials, 50 F 
oderate melting-point 

materials, 100 to 500 F 
melting-point 
300 to 


igh 
materials, 
F, 


boiling point 
300 to 


Ww 
aterials, 50 F 
»derate melting-point 

materials, 100 to 500 F 
igh boiling 
materials, 


point 


800 to 4000 


Any material 


apparatus and 
specimen to suit 


PROPERTIES 


Materials 
eels 
metal 


ny machineabl 


SPECIFIC 


Materials 


crystalline material 


ny 


ny mate 


rRUCTURAL SOUND 


Vaterials 


rincipally ferrous 


metals 
solids 


most 


all solids 


rincipally ferrous* 
metals 


*Some extremely ingenious and useful methods have been developed fo: 


magnetic inspection of non-magnetic metals, 


but they ha 


ve had little 


IDENTIFI¢ 


HARDNESS, ETC 


or Phenomenon 


| Principle 


| 
| yeTmanent 
ailure 


visual 


Measurement of 

elongation at 
Die-drawing of cup: 
Bend-test in die; visual 


Slump of under its own 
weight 
Flow of mix 
vertically 
‘Stickiness 
Flow 
Rate of flow 


Rate of flow 


mix 


shaken 


when 


to surface 
as heated 
versus force 


versus force 


Indentation by sphere 


Indentation by cone 


Indentation by pyramid 


| Rebound of falling weight 


intersects the force axis at some point above zero when the 


Ac ther notes 


curacy 


| 1 to 3 percent 


Inspect visually for rupture 
.Inspect visually for cracking 


| . Measure to 2 to 5 percent 
} 


Measure to 2 to 10 percent 


US.D.A No. 562 
15 
1 to 5 
1 to 


Bulletin 
to percent 
percent 


5 percent 


1 to 2 Best for large 
pieces 
1 to 2 
} sheets, 
}1 to 4 percent. 
| spacing. 


5 percent 


percent 


percent, Best for thin 


Best for close 


to 


lo 


material is 


ce. The same instrument may be used for both tests. 


PROPERTIES 


Principle or Phenomenon 
observation; critical 


in cooling curve 


Visual 
points 
Visual 


points 


critical 
curve 


observation 


in cooling 


Observation of melting point 


8000 | 


} Critical cooling curve 
| 
| 


points in 


Critical points in cooling curve 


Critical points in cooling curve 


Change in temperature of known 
substances 
Rate of flow of heat 


through specimen 


along o1 





(OTHER THAN STRENGTH) 


Principle or Phenomenon 
with water jet; 


| End- quench 
by Rockwell teat 


hardness 


Measurement of force on lathe 


tool; hardening and smooth 
ness of the turned surface 


ATION METHODS 


| Principle or Phenomenon 
| 
| 


X-Ray 


Radiation, 
resonance 


diffraction pattern 
absorption, 
spectra 


or 


NESS OF MATERIALS 


Vrinciple or Phenomenon! 
Aggregation of magnetic particles 
about magnetic inhomoge 

neities 


surface 
either with 
etching 


X ray 


Prepare 
lly 


inspected visu 
or without 


shadowgraphs" 


‘Echoes” from discontinuities 


induction 
or other 


Change in magnetic 
with flaws, voids 
nhomogeneities 


as vet except in a few re 


Involved 


Accuracy; other notes 


to 2 percent; over certain 
ranges, 0,1 percent 

1 to 2 percent; 
0.1 percent 


over some ranges 


to 5 percent 


1 to 2 percent 


1 percent 


1 to 5 


10.1 to 1.0 percent, Technique 
somewhat difficult, important 
“ a See ASTM Spec 


| 177 and D-325 


percent 


is 


Accuracy; other notes 


" oer See ASTM Spec 
Plinc depending 
technique 


upon 


Accuracy; other notea 
Qualitative 


|} Qualitative 
quantitative 


some in 


analysis 


use 


ETC 


Resolving Power; other notes 
Resolving power depends largely 
on preparation and techniques 
inclusions smaller than 1/64 
inch not usually reliably found 
de pends 
technique 


prin 
used 


power 
on the 


| 
| Resolving 
| cipally 
| ) 


Usually timited to about 8 
cent of thickness 

High but highly 
shape, and condition 
men important 
uoparative only. May be given 
extremely high resolving power 
but surface and other irrele 
vant conditions may make 
this impractical 


per 


variahl 


of 


Bint 
speci 


is 


| Co 


search Inboratories 





ordinary single-purpose laboratory in- 
struments: the balance, the thermom- 
eter, scale, etc. The greatest value of 
the specialized instruments lies in the 
fact that much time can be saved 
through their use, and in the greater 
accuracy that may be expected from 
semi-skilled personnel if they are pro- 
vided with such instruments. 


“ENGINEERING” versus 
“LABORATORY” PROPERTIES 


Excepting in the research laboratory 
where work on the fundamental prop- 
erties of matter is in progress, there 
are in general three reasons for mak- 
ing determinations of the physical 
properties of materials. They are: 

(1) To identify materials or to as- 
certain if the materials conform to 
some stated specification; 


rABLE 


Name of Property Wethod or Instrument 


Reflecting power, diffuse | Reflectomete: 


Reflecting Glossmeter, or 


specular 


power, 


Opacity of thin sheets Reflectometer, 


Haze-meter, or Priest-! 


reflectometer 


Haze of transparent 
materials 


rinting or covering power 
of pigments 

Spectrophotometer, or 

colorimeter 


Color 


stability, against 


ime 
Polariscope 


atress 


luternal 
elastic 


photo 


Optical rotation Polarimeter 

Refractometer Abbe, 
solids; dipping, for 
liquids 


Index of refraction 


Lovibond, 
Saybolt, or 


Colorimeters 
Duboseq 
Hellige 


Photoelectric 


Spectrophotometer 


rABLE s. DESCR 


or 


Name of Property | Vethod 
i 
| 


Flash point, fire point | Flash and fire point tester 


Viscosity V iscosimeter Saybolt, 
Ostwald, Hoeppler 


Viscosimeter: Scormer, 


Viscosity 
Mac Michael 

Schilling specific gravity 
apparatus 


Specific gravity of gas 


Cloud and pour point 
apparatus or tester 


Cloud and pour point 


Bomb calorimeter, or 
Junkers gas calorimeter 


Thermal value, or ¢ 


orifice value 


Flammability Exposure to flame 


glarimeter 


photometer 


Inspection of coated surfaces 


for 


colorimeter 


Instrument Name 


(2) To estimate how satisfactory 
will be the material in some projected 
application; and 

(3) To determine the probable per- 
formance of the material in extended 
service. 

The first of these might be typified 
in a standard test on structural steel, 
or a moisture determination of grain; 
these tests indicate whether or not 
the material conforms to an arbitrary 
acceptance specification. The second 
might be the inspection of a billet of 
steel for voids or other non-homogene- 
ities, or a test to determine the bearing 
strength of a soil before constructing 
a building upon it. The third is usually 
some form of service test—a fatigue 
test of metal, a freezing-and-thawing 
test of concrete blocks, a color-stability 
test of textiles, paper, or paint. 

OPTIC VISUAL PROPERTIES 


\l, AND 


Used Vaterials 


Any light colored, smooth 
the 
measured 


Ratio of light 


unknown 
wit 
Any having r 
reflecting surfaces 


specular 


measured dire 
Ration of reflec 
a standard 
unknown 
backing 


Thin semi-transparent 
sheet materials 
ove 


Proportion of 
that ig seatter 


Transparent sheet 


materials 


sange 


Weight of pigt 
area, to cover 
duplicate tint 


Paint pigments, color 


Color, read 
extended peri 
time is noted 

Visible p 
tation pli 
stressed 


Papers, textiles, dyes, 
paints, etc, 


other 


ohicets stress 


of 


Glass or plastic 


transparent 


Organic chemicals See Chapter 


Principle or Criterion Employed 


Ratio of amount of light 


b 


od of 


areas of 


IX 


These three classes of tests are also 
distinguished by the fact that the first 
class is normally performed in the lab- 
oratory under some standardized set 
of conditions, and to relatively high 
accuracy; the second class may be per- 
formed in laboratory, plant, or field, 
and is usually less accurate quantita- 
tively; the third may or may not be 
quantitative. (The methods in this third 
group are, however, continually being 
made more accurate, quantitatively.) 

In the first group, too, appear those 
tests employed to assess the value of 
raw materials; in the second, the test- 
ing devices for inspection of refined 
products. 

Especially interesting to structural 
and mechanical engineers and to the 
manufacturers of a multitude of prod- 
ucts, are the elastic constants of mate- 


COLOR 


‘uracy; other notes 


reflected from 2 
surface 


percent 
from standard 


h integrating sphere 


reflected specularly 3 percent 


from 


unknown and from standard surfaces 


etly 
tance > to 5 percent. For thick 
materials, a photomete: 


is used 


of 
backing 
ndard 


unknown over 
to that 
white 


lack of | 


ra « 


Haze-meter, 3 to 8 
cent. Priest-Lange 
photometer, about 
1 to 3 percent 


total transmitted light | per 


ed from the beam 


Variable, but not high 


to 15 percent 


untt 
to 


nent vequired per 
a standard color, or 


With 


spectrophotometer, 
high as 2 percent 
with photometers, lower 


In 


over an 


with 


instrument 
time, Change 


by 


ro 
in | 


attern, produced by 
or polarization 
specimen 


| Largely qualitative 
photoelastic stress 
analysis, variable but 
low accuracy 


IX 


ine 


on Chemical See Chapter 


Measurements 


or sem 
materials 


Transparent 
transparent index 
graduated 


can 


to or 


be usec 
Comparison of ¢ 


Colored, semitransparent | 
| of a standard 
| 
| 


or transparent 
materials Saybolt and 

Duboseq, vari 

| ard liquid in 

Usually 

through 
Plots a 


mater 


Colored solids or liquids 


color 


Solid spectr 


ind liquids 


IPTIVE PROPERTIES OF REFINED 


Materials Principle oi 


Petroleum products, tars 
asphalts, ete applied flame 
or 


Saybolt 
flow through 
fallingball 


Petroleum light 


liquids 


products 


| 
| 


j 
j 


Drag on 
rotated 


Tars, greases, glues, heavy 


liquids in a | 
Rate of effusion 
orifice is com 


Natural other gases 


gas 

products Temperature at 
“cloud” beeca 
dissoly ed 


Petroleum 


Critical angle of reflection, 


Instruments 


measures 


MATERIALS 


Heating, in open or closed cup, until an | 2 


a flame lasting at 
flow through orifice; 


Time in seconds measured 


a cylindrical rotor 


waxes 


High; up to 0.02 percent 
usual, 0.001 percent 


possible 


proportional | 
refraction Directly 
Spectromete: 


Comparative in general, 
but there are quantita 
tive systems such as 


the Munsell 


olor of unknown to that 
Lovibond, glass slides 
Hellige, glass disks 
able depth of substand 
comparison cell, 
Variable 


transmission be as high 
filters 


for 


may 
percent 


relative 

separation aS 

High; reported in 
terms in general; 
perhaps 0.5 to 
percent 


1.0.1 
then 
1.0 


al-eolor curve the 


AND FUELS 


Criterion Employed fecuracy; other notes 


2 F. ASTM Spec 
D.93, D-56 


to 5 
produces either a flash | D-92, 
least 5 seconds 

1 percent. Tempera 
taken at same 
as viscosity 


to < 
ture 
time 
to < 
ture 
time 
to percent. Used 
principally for field 
In laboratory, gas 
better. See 
2to5 F 


Ostwald: | 
Hoeppler 


is 


capillary ; 
1 percent. Tempera 
is taken at same 
as viscosity 


as it is 


math of fluid 

of gas through a small 5 

pared to rate for air 
ast 

which material begins to test 

use of congelation of 

temperature at 


balance 
Table 


18 


1 


which it can be poured at a specified 


low 
Bomb calorimete 
heat produced 
amount 
phere; 
heat 
known 


rate 


rate 
Measurement o 
resulting, and 


wood 
insulating | 


treated 
textiles, 
etc 


Plastics, 
treated 
papers 


standard flam 


of fuel 
Junkers calorimeter measures 
produced 


measures amount of 
by burning a weighed 
in a known atmos 


J Depends 
nique 


possible 


largely tech 


on 
percent 


by burning gas at 


duration of flame | 
extent of charred area 


f See 


various ASTM 
specifications 


after exposure of specimen to 


e 





rials. These values (elastic limit, mod- 
ulus of elasticity, tensile and compres- 
sive strength, ete.) are usually de- 
termined by measuring an applied load 
and the resulting deformation. These 
tests have been established as satis- 
factory for acceptance tests of mate- 
rials and are in almost universal use. 
There are other methods, too; in some 
respects they may be better methods. 
One such method is the sonic or vibra- 
tion method for determining the elastic 
constants of specimens without damag- 
ing them, and for determining the 
damping characteristics of construction- 
al materials. At present, only tentative 
methods are available for this test. 
The terminology in this field is not 
complete and definite; and some usages 
are confusing. The term “plasticity,” 
for example, may carry any one of sev- 


Name of Property 
Porosity 
sorption method, 


Permeability to fluids | Penetrometer, Williams 


Permeability to gases | |) ffusimeteor 


and vapors 


Permeability to water, 
of bituminous mate 
rials 


ability to fluids in general 


Hydrometer: mechanical 
analysis method 


Particle size* 


Particle size* KMlutriator, dry or wet 


Turbidimete: Wagner 


Klein 


Particle size* 
specific surface 


Resistance to \brader or abradimeter 


abrasion 
Resistance to abra \brader 
sion, mar resistance 
Resistance to Deval machine 
abrasion 
needle 


Plastic properties Proctor 


Plastic properties Liquid limit tester 


Plasticity Emley plasticimeter 


Plasticity Mobilometer, Gardner 


Sticky-point Olmstead sticky-point 


Plasticity Vicat apparatus 


Moisture content, sur-| Loss in weight 


face moisture, ete. 


Moisture content Electrical moisture meters 


of 


bomb 


«Moisture content soils see 


Vapor pressure Reid 


In these methods. the size classification is not a 


TABLE 2:4 


Method or Instrument Used 


Core porosimeter, liquid ab 
kerosine | 


or 


tester 


Plastic 


funetion 


eral meanings. To the structural en- 
gineer it may mean a characteristic of 
metal, indicative of the amount of en- 
ergy absorbed or absorbable; to the 
foundation engineer it usually refers 
to a soil condition representing a cer- 
tain water content; while to a_ tech- 
nician testing lime or mortar it refers 
to the amount of deformation which the 
material can experience before ruptur- 
ing. These differences in connotation re- 
sult from the fact that the name ap- 
plied to the test refers to the physical 
behavior observed, not to its signifi- 
cance. 

RELATED PHENOMENA AS CRITERIA 

OF PHYSICAL PROPERTIES 

Particularly for field tests, related 
phenomena rather than specific ones 
are often employed in determining 


PHYSICAL PROPERTIES: 


Vaterials 


in 
(or 


Increase 
water 
volute 


Coke, brick, stone, insulating 
plastics, felts, 


materials 
ete 


Measurement 
other 
material, per 
standardized 


Paper, treated cloth, other 


thin sheet material 





Thin sheet materials 


Bituminous materials, 
roofs and pavements 
trates 

consistency 


see Table 1:1 


| Soils in suspension 


liquid) 


head of water 
materts 


Principle or Phenomenon Employed 


weight 
other 


unit area, 

pressure 

| Measurement of volume of gas or vapor 
passing per unit area per unit time 


Application of heat, with a small applied 
time until water pene 


Specific gravity of suspension indicates | 2 
weight of material suspended; settling 


volute 


physical properties. In the Schilling 
gas-density apparatus, for example, a 
measured amount of gas is permitted 
to escape through an orifice of known 
small size, and the time required 
compared to that for air. To the non- 
technically-trained worker, this appears 
to be a measure of viscosity rather 
than of density (as a matter of fact 
the Saybolt viscosimeter employs such 
a principle). The difference, of course, 
lies in the fact that the orifice is small 
enough to be comparable to the mean 
free path of the gas molecules. The 
instrument should perhaps be called 
an effusiometer (sometimes it in 
the physical-chemistry laboratory) but 
it is most often used to determine the 
specific gravity of a gas, and is so 
named. Another example of the use 
of a related phenomenon for facilitat- 


1s 


is, 


WORKING 


Accuracy: other notes 


Variable, depending on 
the technique. 3 per 
cent may be average 
Note: closed pore space 
not considerec 


in 
to 


immersion 
reduced 


after 
liquid), 


seldom better 


percent 


ariable 
than 2 


of water (or 
through the 
at a known, 


passing 


Variable 
high 
trol 

Quantitative aecuracy 
low but a valuable em 
pirical test. See ASTM 
Cpee, D-189 


usually not 
Techniques con 
accuracy 


taken measure of 





ASTM 


percent, See 
Spee. D422 


time indicates particle size of particles 


powdered material, 300 | Air (or 


finer 


| Any 

| mesh or 

groups 

is 

modifications 

line particles, particularly 

Portland cement | a light oil; 
material 

Abrasive 

men; change 
measured 


Rubber products, cloth, 
leather 


Granulated 
ously against 
measured 

| Tumbled 


Transparent plastics 


Gravel or aggregate with 


determined 


water) 
seperate powdered material into size | 
the particle size in each group 
microscopically 


Fine powdered material is suspended in | 2 
i turbidity 
measure of the specific 
surface 
abrasive 


surface 


steel 


rubbed 
In 


Can be 
cent 
5 percent 


large-scale 


to as high as 1 pet 
usually is about 
Useful for 


applications 


current employed 


Many 


Ree 
O-116 


fo 10 percent 
produced is a | ASTM Spec 
surface of the 

D304 


against speci- | See 


or thickness 


ASTM Spec 


weight 


See ASTM Spec. D678 


poured continu 
Loss of gloss | 


cubes; amount of | 2 to 15 percent 


fine material produced taken as meas 


ure 

Soil 
content 
wry and 
test 


18¢ 


| Soil Plasticity 
tance to flow 
shock 

Lime putty, mortars, ete, 
surface 

Rate of fall of 


the container 


Paints, varnishes 
metics, etc 


glues, cos 


Soils Determination 


whieh soil 
speed 


Cement 
sum, 


mixtures, lime, 
mortar, 


gyp 
ete, 


Determine 
soils, j 


Loss in weight 


to constant 


Any material not injured by 
temperatures of 250 F. for 
several hours. 


Wood, grain, fibers 


content 





Properties, above) 

Measurement 
by 
temperatures 


Light liquids, particularly 
petroleum products 


of particle dimension as with 


Relation between plasticity and moisture | 
often determined in 


od 


indicated 
under 


Measurement of drag on a rotating table 
as it presses a sample against a fixed 


of 


of 
mixture 
to polished surface moving at known | 


“consistency” 
which known weights drive plungers 
into plastic material 

(p 
weight 


Change in resistivity or in specifie in 
ductive capacity with moisture 


of gas or 
Bourdon-type gage, at 


of abrasive damage 


Moderate aceuraes 
labora- | 

in field as a quick | 
terms of resis 


Aliost entirely empirical 
mild mechanical | 


but very useful, See 
ASTM Spec. D-423 
AASHO Spee. T 89 

lechnique extremely im 
portant; data compara 
five 


in 


weighted plunger in | 


material 


Empirical test, 


5 to 


accuracy 

moderate 15 per 
cent 

Empirical test, of consid 
erable practical value 
Comparative accuracy 

>» to 15 per 


moisture content at 
just fails to stick 


moderate 

cent 

Moderate 
10 per 


by depth to | Empirical test 


accuracy to 
cent 

1 to 
must 


ereent) after heating > pereent, Conditions 


fit material 
loss 
but 


| Less accurate than 

of-weight method 
rapid in 
5 percent 


quite 
to 


use 


vapor pressure Moderate 


various 


but also of shape 


















ing tests for field applications is the 
Proctor soil-plasticity needle, used for 
quick field determination of soil mois- 
ture—after being calibrated in the lab- 
oratory by plotting curves of plasticity 
versus moisture content. 

Some physical properties must stil] 
be determined by the techniques of the 
physics laboratory, either because 
there has not been sufficient demand for 
special instrumentation or because no 
suitable method of attack has been de- 
vised. The specific heat of materials 
can usually be determined accurately 
only by a calorimetric method. In such 
a method the technique is nearly as im- 
portant as the instrument; the special 
advantages of some of the specialized 
instruments are not available. Such 
methods are described in the textbooks. 

In contrast to these “basic” phys- 
ical methods are methods such as the 
specialized ones used for determining 
refractive index. This property, de- 
fined as the ratio of the velocity of light 
in air to its velocity in the specimen 
material, is measured by a refractom- 
eter—operating on a related physical 
phenomenon. The available instruments 
are extremely easy to use, and also 
extremely accurate; a_ highly-trained 





Name of Property 





Spalling resistance Furnace, optical pyrometer 


Are resistance Are resistance apparatus 


(Melting points: see Table 1:4) 


Softening point Ball and ring test 


Softening point Cube-in water test 





(Penetration of liquid under heat: see 
Decalescence and 
recalescence points 


| Thermal anaylsis method 


| 





GROUP 3: 





| Method or Instrument Used: 


operator is not needed. The same is 
true of polarimeters. 

It is necessary to make a distinction 
between properties and characteristics 
of materials, and properties and char- 
acteristics of objects. The final inspec- 
tion of a steel piston-pin, for example, 
will involve a dimensional measure- 
ment; the dimension is a characteristic 
of the object, but not of the material. 
The hardness of the metal, however, 
is a property of the material. Dimen- 
sional inspection is not considered in 
any of the categories described here; 
it is discussed in Chapter XII. The final 
inspection of a ball-bearing assembly, 
on the other hand, often includes a 
running test to determine its smooth- 
ness and quietness of operation. These 
are qualities of the assembly that gov- 
ern its satisfactory performance in 
service. There are a number of such 
methods, most of them quite specialized. 


SERVICE AND 
ENVIRONMENTAL TESTS 
An entire category of tests, intended 
to evaluate those properties of mate- 
rials governing their service life, is 
described as “service and environmen- 
tal” tests. They are performed under 


TABLE 2:5. MECHANICAL-THERMAL PROPERTIES 








Materiala 


Principle or Ph 


Materials exposed 
for test duratio 
loss of material 


Refractory materials 


Electrical insulating 
materials material; 


path is noted 


Bituminous materials Softening point i 





ring filled with 
| Piteh, tar 





on hook; temy 
Float Test, Table 2 


| Steel 


4) 


rate of change 
points in this 


formation 





, warping, etc.) noted 
High-voltage are is applied to surface of 
i time to form a conducting 


which a steel ball will drop through a 
Cube of material is suspended in water 


drops to the bottom noted 


Test consists of recording rate of change 
of temperature of steel sample versus 


SERVICE PROPERTIES OF MATERIALS 





conditions similar to normal service 
conditions, but usually more severe in 
some respect. Examples are the 
freezing-and-thawing tests for masonry 
and concrete, fade tests for textiles 
and paints, and abrasion tests for fab- 
rics, plastics, and rubber products. 
Somewhat comparable to these are the 
fatigue tests of structural metals, al- 
though this property is intimately re- 
lated to the “strength” qualities of 
metals, while the “environmental test” 
usually is designed to disclose change 
of appearance as much as change in 
strength. 

There are a number of standardized 
forms of tests in this category; there 
are many more specialized tests not 
widely enough used to be considered 
standard. 


PROPERTIES OF APPEARANCE 
AND COLOR 


For many years, the color and tex- 
ture of certain materials have been 
considered the best practical criteria 
of their quality; it is only in the last 
decade or two that techniques for eval- 
uating these qualities have been de- 
vised and systematized. There are now 
available a number of quite highly spe- 


enomenon Employed 





See ASTM Spee. 0-38 





to high temperatures 
n; damage (cracking, 


See ASTM Spec. D-495 


s the temperature at] Plus or minus 0.9 F. 


the test materia! 


Plus or minus 1.0 F., 


verature at which it 


Test is largely qualitative. 
Temperatures can be 


Inflection measured to 2 to 5 F, 


indicate trans 


of furnace 
curve 





points in steel 





TABLE 3:1. SERVICE PROPERTIES OF MATERIALS 
Property Method or Instrument Materials Principle or Criterion Employed | Notes 
settee amen pinmiacensien a nth ee ase . | — einige a 
Fatigue of materials Rotating-beam fatigue ma-| Metals, plastics Number of cycles to failure at known! Final datum is “fatigue 
chine, axial-type fatigue | load | strength” and is indica 
machine, ete | | tive of probable iife in 
| | service 
Creep of materials | Creep-test apparatus Metals, plastics Rate of extension under known con-| Final datum indicates 
stant load, extending over periods of | probable change of di 
days or months. Temperature is i mensions during serv 
usually controlled | ice life of parts 
Accelerated aging | | 
characteristics : | 
: | , . | 5 
of gasoline, grease, etc | Potential gum apparatus | Greases, gasoline Formation of gum, or drop in oxygen Stability life of materia) 
| | pressure in apparatus is usually comparable 
| | to the initial slow rate 
| of oxygen absorption 
of brick and concrete Freezing and thawing tests Brick, concrete Successive cycles of freezing and thaw-| Empirical test, but of 
ing with loss in weight and mechani proved value 
cal damage noted 
of non-ferrous metals Salt spray test Non ferrous metals Specimens exposed to intermittent or} Test gives comparative 
| to continuous salt-water spray, Effects data as to resistance of 
on specimens noted in report materials. Not neces 
| sarily indicative of 
| service life 
of electrical heater-ele-| Accelerated aging apparatus | Electrical heater wire Tests consist of intermittent but re-| Comparative test, but 
ment wire | peated applications of electric current fairly indicative of 
| to the wire, to determine oxidation service life in ordinary 
| characteristics and dimensional applications 
changes 
of paint, paper, glass,| Carbon-are weathering unit | Textiles, paint, paper, Exposure te light from carbon-are unit,| Comparative test, but 
textiles, etc glass, decorative to water sprays, ete, to simulate fairly indicative of 
materials, weather conditions service life in ordinary 








applications 












cialized instruments, such as turbidime- 
ters, spectrophotometers, electrocolor- 
imeters, electrofluorimeters and _ the 
like, whose development is due in part 
to improved techniques, and in part to 
an improved understanding of the na- 
ture of color and its effects. Optical, 
photometric, and colorimetric methods 
are available for many applications, in- 
cluding filter classification, measure- 
ment of surface smoothness, of parti- 
cle size, of specific surface, and many 
biological and physiological measure- 
ments. Methods of this kind are in gen- 
eral quite highly specialized; no de- 


tailed description can be given here. 


Many of the older methods, like the 
Lovibond colorimeter, the Saybolt 
chromometer, and other visual- 
comparison methods are still in use, 
and will continue in use for years. Such 
instruments, employing color. slides, 
are rather sensitive, but subject to 
error from operator error or fatigue, 
and to change of calibration from aging 
of the color slides. It is entirely possible 
to convert the data from these instru- 
ments, or any other color, to a numer- 





ical value, through the use of the spec- 
trophotometer and the system recom- 
mended by the International Commis- 
sion on Illlumination. Such a numer- 
ical value is permanent. 


AVAILABLE STANDARD METHODS 


Many of the technical societies have 
prepared listings of standards, of 
standard methods and of techniques. 
The American Society for Testing Ma- 
terials is perhaps the largest of these, 
providing standard methods on most 
industrial product testing. Others are 
the American Association of State 
Highway Officials, the United States 
Department of Commerce, the Depart- 
ment of Agriculture, the Bureau of 
Mines, the American Chemical Society, 
the Association of Official Agricultural 
Chemists, and the American Society of 
Brewing Chemists. So far as is possible, 
these organizations have collaborated 
on their recommendations. Some of the 
items listed in the attached tables carry 
references to ASTM or AASHO stand- 
ard specifications. 


TABLES 


The tables which accompany this dis- 
cussion are not and cannot be complete. 
They are representative of the most 
widely used methods for determining 
the properties found most useful in 
science and in industry. 

Duplication of items in the tables 
of this Chapter and of items in the sev- 
eral Chapters of this Handbook, is in- 
evitable. It has been kept to a minimum. 

The organization of these tables fol- 
lows the three points listed in the para- 
graphs on “Engineering versus Labor- 
atory Properties.” The first group of 
properties comprises identification or 
acceptance tests; the second, properties 
of refined products, of building mate- 
rials, and the like; and the third, serv- 
ice or environmental tests of proper- 
ties. Although in this brief tabular 
form it is quite impossible to give any 
detail on any method, for many items 
there are references to ASTM methods, 
in which detail can be found; in most 
of the others there is sufficient informa- 
tion to guide the reader directly to 
sources of information. 
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“ZIRCONARC” 
PHOTOMICROGRAPHIC LAMP 


For better black-and-white and 
color photomicrographs 


Combines the concentrated light of the West- 
ern Union arc light bulb (about 1 mm. dia.) 
with our fluorite-coated, 7-element aplanatic 
optical system of highest correction, free from 
chromatic aberration . . . Practically harmless 
to living cultures... Built with the same pre- 
cision as the microscope itself . . . Over-all 
length of lamp, 10”. Height, 6/2”. Base, 
41" x 64". Price complete with power unit 
and 40-watt bulb, $325 ... Order direct or 
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Wabash presses ... the presses of 
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Systems 
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Force Balance 


PROVIDE AUTOMATION FOR THE 
CONTINUOUS OR BATCH PROCESS. 


A complete line of weight transmitters in single 
and multiple diaphragm construction with load ca- 
pacities up to 23,000 pounds per diaphragm. Pneu- 
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on all models. All moving parts are enclosed totally. 
Complete weighing systems designed to your re- 
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is the heart of many diverse 
force-measuring systems and 
equipment, used by important 
industries, government and re- 
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USES 


The variety of uses of 
force-measuring equipment is 
almost limitless. Some of the 
many important applications 
of EMERY products are for: 
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MEASUREMENTS 


WIND TUNNEL BALANCES 
STRENGTH OF STRUCTURES 
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ENGINE THRUST 


TORQUE MEASUREMENTS 

STRENGTH OF MATERIALS 
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BRAKE TESTING 

CABLE, CHAIN AND ROPE 
TESTING 
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SYSTEMS 
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Force exerted on the loading platform of the cell is converted 
into proportional hydraulic pressure: this pressure may be 
transmitted to a wide variety of indicators, recorders or 
other pressure sensitive apparatus depending on the applica- 
tion. The Emery cell is rugged in construction, leakproof, re- 
quires no maintenance, frictionless, and may be installed in 
any position without careful alignment. Sensitivity and stabil- 
ity of action give excellent duplication of test results. The 
Emery cell can accommodate substantial cross loading or 
non-central loading without measur- 
able loss in accuracy or sensitivity. 
Inherently stable, less than .005" de- 
flection under full load. igh natural 
frequency. Withstands heavy vibra- 
tion or shock loading; no external 
dampeners or stabilizers needed. 
Emery cells are available in standard 
units up to 100,000 Ib. capacity; 
higher capacities on special order. 


THE A. H. EMERY CO. 


NEW CANAAN 14, CONN. 
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CHAPTER VIII 
SPEED MEASUREMENT AND CONTROL 


By M. F. 


1, GENERAL 
HIS chapter discusses 
urement and control 
and rotational speed of mechanical 
objects. (Measurement of fluid flow- 
rate is treated in Chapter V.) When 
the DIRECTION of motion is considered, 
distance divided by time is not speed 
but VELOCITY. 
The forms of speed considered are: 
(1) The number of regularly recur- 


the 
of the linear 


meas- 


BEHAR 
rent events per time interval; i.e. fre- 
quency, generally expressed in cycles 
per second or strokes per minute; or 
vate, as in radioactivity measurement. 
(Il) Rotational speed, expressed in 
revolutions per minute (rpm.) or ra- 
dians per second. 
(III) Linear speed, expressed in feet 
(fpm.), per hour 


per minute miles 


(mph.), ete. 


(IV) Differential speed or speed 
ratio, such as the textile industry em- 
ploys to indicate percent stretch during 
sizing. 

(V) Acceleration, or the rate of 
change of speed, expressed as miles 
per hour per second, feet per second 
per second (ft./sec.*), ete. 

Table I, listing the characteristics of 
industrial speed-measuring instruments, 
has been devised as a rapid means of 
ascertaining characteristics of the vari- 
ous available equipment and methods. 


TABLE I—SPEED MEASURING INSTRUMENTS 


Class Type 
COUNTERS 
Mechanical Cireular Dial 

Direct Geared 

Direct Geared 
Cyclometer 
Direct Drive 
Clutch—Hand 
Ratchet—Connected 
Ratchet—Hand 


Hand 
Connected 


Connected 


Ratchet—Electromagnetic 
Cam Operated Circuit 


Klectrical 


Electronic Electronic Circuit 


Mlectric Impulse |otation-actuated Switch 
Started 
Started 


lachoscope Electrically 
Mechanically 


Kleetric Start 


Mech, Period Control (3 Sec) 
Mech, Period Control (6 Sec) 
Klectronic 


Speed Indicator 


TACHOMETER | 
Chronometrice Integrating 
Conjugating 


Flectron ic 


Centrifugal 
Weight 


Flyball 
Cross Pendulum 
Tilting Ring 
Ball & Cup 
Cup (Cent 
(Cent 


Mluid Liquid 
Displacement 1U-Tube 
Liquid Pump ( Cent.) 
Liquid Pump (Positive) 
(Cent.) 


Pneumatic Pump 


D-c. Generator 

\-c. Generator 

A« (Saturable 
Oscillating Contact 
Cup or Disk 
Electric Transmitting 


Gen, Core) 
Capacitor 


Magnetic Drag 


Viscous Drag Cup Seale 


Inertia Pawl & Wheel 
FREQUENCY 
Electrical 

Frequency 
Repetition 


Frequency 


Reed 

Induction Disk 

Bridge (Dynamometer) 
Bridge (Null 

Mov ing Vane 

Electronic 


Reed 


lachoscope 


Vibration 
Frequency Pendulum ) 

STROBOSCOPTE 
Interrupted Sight 
Interrupted Light 
Intermittent Light 


Revolving Drum or Disk 
Revolving Mirror or Disk 
Flash Tube 
CHRONOGRAPH 


Magnetic 


OSOILLOGRAPH 


Galvanometer 
Cathode Ray 





Electronic Count 


| | 
| 

Temp 
Error 


Range 
Limits Accuracy 


counta/min 
0-2000 
100-8000 


None 
None 


dd) 
(dd) 


labs 
|Abs. 
None 
None 
None 
None 


(dd) 
(dd) 
(dd) 
(dd) 


Abs. 
Abs. 
Abs. 
Abs. 


0-2000 
100-2500 
0-800 


None 
None 


Abs. 
Abs. 


0-12,000 
eps. 


10,000,000 10.05% None 


1-100,000 None 
rpm. 
0-30,000 
0-30,000 
0-60,000 


None 
None 
None 


dt II, 


+0.05% 
+0) 25% II, 
IT, 
IT, 


400-20,000 None 
200,-20,000 


10,000,000 


+0.25% None 


+0. 0ORY None 





None If, 
None cr, 
None II 


1100-10,000 
1100-5.000 


10.000,000 +0.025% 


100-40,000 10 Rev Slight 





| 
j 
| 
| 


Negligible 
Slight 
Unaffect 


20 Rev 


25 Rev 


| 30-48,000 
25-30,000 





|Narrow 


Little 
Little 
Little | 


Narrow Very 
| 10-4,000 | Very 
Vv 


ery 





jNarrow 
Commercial 
|Narrow 


Negligible 
None 
None 

Comp 


0-5,000 


0-15,000 


1200-10,000 
0-2,000 
0-4,500 


| 
| Comp 


iNarrow Yes 
tcountsa/min 


200-2,000 None 


| 
} 


cps 
15-1500 0.2% 
Narrow 2% 


| 20-65 


4% /50C 
Yes 


Comp 


Rated ) 





0,2 Cycle 


22-70 }0.2 Cyele Comp 
20-65 j0.2 Cycle . 
5 eps-50 Me 2% F Negligible 


1900-60,000 0.4%/50C 


| 
0.2% Rated 
Freq 


| 
(dd None 
None 


32-4000 j0 05% None 


| 


Comp 


900-32,000 


0-38,000 ~(dd) 


| Form of 
Speed 
| Measured 


(I, 11, 111 
I, II, 111 


I, II, 11! 
I, II, 11! 
I, If, 111 
I, IT, 111 


tr, 111 
11 
1, If, 111 


Ill 
lil 
II! 


II! 
IIt 


Other Characteristics 
(See Notes) 


Availability 


(See Notes) 


Ind. 
Ind. 


Ind. 
Ind. 
Ind. 
Ind. 


Ind. 
Ind. 


Ind.- 


Inf-Ins »-RR-Sd 


Ind. 
Pv-Av-S 
Pv-Av-S-Sd 


Pe-Av-S-Sd 
| 


Ind, 
Ind. 
Ind. 


Pv-Av-S 
Pv-Ay-S 
Pe-Av-S-Sd 


Ind. 
Ind. 
Ind 


Pv-Co-Av 
Pv-Oo-Av 
Pe-Co-Avy-Sd 


Ind 
Ind.- 
Ind.,- 
Pv (Gr) & Int, 
Inst-Co-Fr-Pn-Sp (Pred) 
Inf-Inst-Co-Fr-Sp 
Inf-Inst-Co-Pn-Sp 
Pv-Inst-Co-Pn-Sd 


Ind. 


Ind.- 
Ind 
Ind, 





Py-Co-Pn-Inst 
Inf-Co-Pn-Inst 
Inf-Co-Pn(Ind Device) -Inst 
Inf-Co-Pn( Ind Device) -Inst 
Inf-Co-Inst-Fr 


RR 
Ree 
RR 
Rec 


Rec 


Ind 
iInd 
\Ind 
I nd 
iInd 


Inf-Co-Inst-M 
Inf-Co-Inst-M 
|Inf-Co-Inst-M 
|Pe-Co Inst 
\Inf-Co-Inst-Fr-M-Sp 
|Inf-« o-Inst-M-Sp-F1 
| 


Inf-Co-Inst-Fr-T-Sp 


RR-C 
RR-C 


Rec 

Ree 
RR 
Rec 


iInd 
Ind 
Ind 
Ind. 
Ind 
Ind 





Ind 





Inf-Co-Inst-Fr 


[Ps Co 

|Inf Co-Fr-Pn-Inst 

|Inf-Co-Fr-Pn-Inst 
RR-C |Inf-Co-Inst 
Inf-Co-Inst-Fr-Pn 
|Pe-Co Inst. 


jind 
} 
| 
Ind 
Ind 
Ind 
Ind 
Ind 
Ind 
| 

| 

\Ind. 


RR 
RR 
Rec 
RP. 
RR 





| 
| 
iPv-Co 


| 

Ind 
Ind. 

jInd 


|Pv-Co-Inst 
| Pv-Co-Inst 
|Pe Co-Inst-Sd 
} 
Ree |Pv-Av-Fr-Pn 
v-Co-Av-Pv-Sd-Pn 
Pe-Co-Inst 


Rec-Ind-RR 
Ind.-RR 





Standards. No matter what its form, 
a speed is a time rate, i.e., a ratio; the 
ultimate reference standards are two 
intangibles: Number and Time Inter- 
val.* 


*However the industrial reference standards of 
Time at the National Bureau of Standards 
signals easily accessible by means of a 
receiver 


are 
radio 





NOTES FOR TABLE I 
Forms of speed meusured—-The Roman numer 


the forms of described 
section, 


als refer to five speed 


in this 

dd—Depends on drive or operator technique. 
Examples, allowing counter to end of 
shaft being counted or losing stroboscopic effect 
while 


slip on 
using the stroboscope 
dt—Depends on time period. Instruments thus 
marked require careful consideration of the 
sampling period to obtain the accuracy, 
Ind—Available 
Rec—Available 
RR—Remote reading systems available (be- 
yond the limits of flexible shaft). This classifica- 
tion is given to most electrical instruments and 
to instruments capable of transmitting an air 
pressure proportional to the speed indication. 


desired 


as an indicator. 


as a recorder, 


C—Can be used in a control system, These 
instruments contain control features within the 
instrument itself, or supply a signal or command 
which is used in a control system 

Pvy—Positive measurement principle (Gr when 
gravity, or no spring). Positive speed-measure- 
ment methods and instruments are those which 
integrate or conjugate ‘time’ and ‘‘number" or 
time and well as 
speed-measuring instruments wholly 
of the action of springs. 


“‘veometrical”’ 
independent 


distance,”’ as 


Pe Positive eleetrie circuit. This classifies 
tion covers instruments utilizing the laws of elec- 
tricity manner that a count of events is 


divided by a direct measurement of time. 


in such 


Inf—Inferential measurement principle. This 
classification includes all instruments not of the 
aforementioned types. It includes all types de 
pendent on springs, magnetic forces, viscosities, 
etc, 

S-—Gives single reading each time used 

Co—Continuously measures 

Av—Measures average speed over time period, 
Most positive-measurement require an 
appreciable sampling period in which to accumu- 
late a count. When the scale is calibrated in an 
instantaneous unit this period and 
count, the indications must be an average. 

Inst—-Measures speed or frequency instantan- 
eously, Mist inferential instruments give in- 
stantaneous readings because they depend on a 
balance of forces to the measuring ele- 
ment, 


methods 


based on 


position 


Sd—Suitable for use as a plant standard. 
Sp-——Measurement based on spring tension. 
T—Temperature fluctuations affect accuracy. 
Effort has been made to determine and state the 
the temperature effect. Some in 
variably affected and are so 


magnitude of 
struments are 
indicated, 

Fr—Friction affects accuracy. This includes 
instruments in which a small variable torque is 
used to position the indicating element 

Pn—Position affects accuracy. Many instru- 
ments must be operated in a given position for 
highest Some of these instruments 
have a spirit level built into the frame or case 
of the instrument. 

M—Magnetie field and electrical conditions 
affect accuracy, This classification has only been 
used when the instrument ig not designed with 
compensation. 


accuracy. 


Range Limits—-The figures given in this 
column show the limits of operation for instru- 
ments of a given class and type. The figures 
do not imply that this range can be handled 
with one instrument—if one is designed for 
0 to 600 rpm., whereas another model is from 
400 to 800 rpm., the maximum to minimum for 
the class of instruments is 0 to 800 rpm. The 
those internal gearing 
gear re- 


obtained by 
values rather than external 
transformers 


limits 
or circuit 
and 


are 


ducers 


A method of measuring speed which 
is based on (1) counting a number of 
revolutions, cycles, or other events, and 
(2) measuring a time interval, may be 
classified as a direct or positive or pri- 
mary method. 


In addition, instruments are said to be 


“primary” when they built cali 
brated without being against stand- 
ards. Thus, a flyball tachometer depending only 
on its geometry and on gravity (not on a spring) 
but only in 


can be and 


compared 


could be classified as “primary” 


theory because of imperfections 

All other methods are indirect, 
ferential or secondary: the instruments 
do not measure “speed”; they only 
measure some effect of speed, such as a 
voltage, a pressure, a spring deflection, 
ete. 

Theoretically, the primary methods 
are the ones capable of the highest 
accuracy. Practically, the most accu- 
rate commercially-available standards 
are “secondary.” They are fixed-fre- 
quency standards in the forms of oscil- 
lating crystals or tuning-forks in tem- 
perature-controlled housings. Guaran- 
teed accuracies of “parts per million” 
are common. 

The new International Standard of both Time 
and Frequency will probably be an absorption 
line of one of the molecules that exhibit transi 
tions in the microwave radio spectrum. Example, 
the used 1949 in the 
atomic National Bureau of 
Standards 

In like manner the term “instantan- 
eous” is generally used in a relative 
sense: an “instantaneous” speed is of- 
ten an average speed measured during 
a sampling period which is “extremely 
short” in relation to others. 


in- 


ammonia molecule, 
clock’ of the 


since 


2. COUNTERS 

It often is said that a counter is 
either absolutely accurate or utterly 
unreliable—“either in good order or no 
good.” This is axiomatic, but it is true 
only with respect to events which are 
positively countable because each event 
is (a) distinct and (b) indivisible. 

(a) A distinct or “unambiguous” 
event is one which the counter cannot 
confuse with another event. When two 
or more events are nearly simultaneous, 
the counter may skip all but one, or 
otherwise fail to function as intended. 
Each type of counter has a minimum 
resolving time, or maximum counting 
speed. 

(b) An indivisible event is one which 
is not resolvable into lesser events, 
smaller angles, etc. Thus, a count of 


Capacitiv 


i} 
MH 


Fight (or fewer) 
polished faces / i 
(or black &white) KI il (| 


il 


photocell i 


| 


o ——— 


Fig. 2. 
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“10” shaft revolutions which is “abso- 
lutely” accurate because it is the count 
of ten distinct pulses from a snap 
switch can be reported as “exactly ten 
pulses” but it should not be reported 
as “exactly ten revolutions” (which im 
plies exactly 3600.00 degrees). The 
same is true of electronic ceunters 
which count the complete cycles of wave 
phenomena. 

A safe rule to follow, even with ab- 
solutely accurate counters and acces- 
sories, is to take it for granted that the 
irreducible error of counting is plus or 
minus one count for each sampling 
period NO MATTER WHAT COUNTING 
METHOD IS USED; and to write “+1” 
after every reading. 

Another good rule is to make sure 
that the time measurement is sufficient 
ly accurate. In practice this usually 
means: For one percent minimum allow- 
able total error, the sampling period 
must be two hundred times the starting 
or stopping uncertainty (100 times 
starting PLUS stopping uncertainties). 

Hand Counters.—There are two types 
of hand counters. The geared type is 
the familiar type in which the dial is 
rotated by a worm gear on a spindle, 
as shown in Fig. 1. The large outer 


Fig. 1. Direct-drive worm-geared hand counter. 
dial is usually graduated into 100 lines, 
each one of which represents one revo 
lution of the spindle. The small dial 
can have 50 lines, each representing 
one revolution of the outer dial. 

The cyclometer type of hand counter 
has a direct-reading cyclometer register 
consisting of (usually) four digital 
drums. The first digital drum is ro- 
tated one tenth revolution for one revo 
lution of the external spindle. In 
completing one revolution, this drum 
moves the second drum one tenth revolu- 
tion. Similarly, the third drum counts 
tens; the fourth, hundreds. A clutch 
allows the spindle to run free until 
the operator starts the ‘reading by 
pushing the counter against the end of 
the rotating shaft. 

Continuous Counters.—Designed for 
permanent installation, these counters 
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Fig. 3. Types of electronic counters. 


are generally built for severe industrial 
service. Models are available for panel 
or wall mounting. Predetermined count 
ers, printing counters, shift pick count 
and others are used widely in 
industry. 

Electromechanical Counters.—In 
their simplest form, these consist of a 
cyclometer register advanced by a 
ratchet operated by a solenoid or other 
electrical device which, in turn, is op- 
erated by a remote contact-making and 
braking device, such as a switch or re 
lay, whose function is to supply dis- 
tinct on-and-off pulses. For textile-ma 
chine shafts and other relatively deli 
cate parts which must not actuate con 
tactors, the pulses can originate in 
photoelectric, capacitive, or inductive 
pickups (as sketched in Fig. 2) and, if 
necessary, actuate electrical relays pro- 
ducing sharp on-off pulses of the volt 
age required by the electromechanical 
counter. 

Electronic These 
first developed to supply the needs of 
nucleonic research, such as counting 
random events separated by intervals 
from hundreds of down 
to a fraction of a microsecond. Of the 
commercial types, two are suitable for 
weneral industrial applications. One in- 
dicates by rows or columns of ten glow 


ers, 


Counters. were 


microseconds 


Counter and stopwatch 
simultaneously started 
when spindle is pressed 
and stopped when 
spindle és 
released 


For resetting end o> 
winding stopwatch 


Asking 
; 55 \" 5 
Stop- watch 
with Pusual 
or decimal 
divisions 


NIMH es 


for resetting to 0000 


Fig. 4. Manual Tachoscope. 
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Fig. 5. Speed-indicator type of tachoscope. 
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lamps each, as sketched in Fig. 3A; the 
other makes use of decade counter tubes, 
as sketched in Fig. 3 B. In each of these 
types the units device causes an im- 
pulse to actuate the tens device every 
ten counts, and so on. (Each of these 
types is available in models in which a 
cyclometer register is added, whose 
digits read the higher powers of ten.) 


4. ‘TACHOSCOPES 

A tachoscope combines a counter and 
a timepiece. In manual tachoscopes, the 
counter and timepiece are mounted 
side-by-side. A push-button starts the 
timepiece at the same time that the 
counter starts to register. (Fig. 4). 

The type of tacho- 
scope, shown in Fig. 5, has a revolution 
counter controlled by an automatic 
timer. Synchronization of the two units 
is done by a cam mounted on the escape- 
ment wheel and ratchet. When the 
spindle is revolved, the ratchet frees 
the measuring wheel for a definite time 
interval, at the end of which the ratchet 
locks the measuring wheel. The dial is 
calibrated directly in speed (rpm.). 


speed-indicato) 


4. CHRONOMETRIC TACHOMETERS 


The chronometric tachometer is simi- 
lar in principle to the speed-indicator 
tachoscope, but differs in the important 
respect that it repeats automatically. 

Chronometric tachometers which are 
constructed like speed indicators can 








Fig. 6. chronometric 


ometer. 


Conjugating-type 


be called integrating; those which suc- 
cessively conjugate, or make contact 
with, actuated members can be called 
conjugating. In all types the number 
of revolutions of the primary shaft is 
counted during a definite time interval. 


conjugating-type chronometer tach- 
ometer is Fig. 6. The gear A at the 
hottom is rotated by a chronometric escapement. 
second 


\ typical 


shown in 


degrees in one 
one three seconds. As 
it carries three timing sectors Mi, Mz, 
and Ms around with it. Each sector is in con 
tact with the rotating shaft to be measured 
through the measuring pinion O for exactly one 
As each sector is free to move vertically 
on spline shaft W, raised to a 
height which depends on the speed of measuring 
pinion O. When the sector disengages the meas- 
uring pinion, it is kept in its elevated position 
by detention roller P. Collar R, attached to in- 
dicator pointer Z each the 
sector comes into position under the collar. Thus 
the pointer is automatically reset every second 
to a position which indicates the number of 
counts registered by the sectors for the 
The drop to 


settings 


It rotates through 120 


or through 


it rotates 


revolution in 


second 


each sector is 


rests on sector as 


one of 


previous second does not 


between 
Electrical Chronometric Tachome- 
Strictly speaking, these are me- 
chanoelectrical instruments, employing 
electricity for remote actuation of 
counter and for clock drive. 

One type (trade-name “Chrono- 
Tachometer”) is widely used for cali- 
brating aircraft (and other) tachome- 
ters. It comprises a counter readable 
to 0.1 revolution and a special syn- 
chronous clock with its fastest hand 
reading to thousandths of a minute. 
The clock is driven from the a-c. line 
in most industrial districts, but can be 
driven from a frequency standard. Op- 
eration is automatic. 


pointer 


zero 


ters. 


Another type independent of manual 
operation is a recorder with a fixed 
sampling period during which a dry 
stylus scratches through a wax coating 
to produce a line whose length repre- 
sents the count of revolutions, then flies 
back to zero. The usual cycle is 37% 
seconds, comprising a 30-second samp- 
ling period and a 7'%-second interval. 
See Fig. 7. 

Electronic Chronometric Tachome- 
These combine an electronic 
counter (see above under “Counters’’) 
with an automatic timer and with an 
automatic repeater whereby the pre- 
vious count is erased and the new count 
displayed on the glow-lamps or decade 


ters. 
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Fig. 7. Section of chart of recording electrical 
chronometric tachometer. The machine to which 
the recorder is connected started at 6 a.m., ran 
steadily at 1000 rpm. until 6:30 when it was 
shut down for seven minutes, then ran at 1000 
rpm. until 7:05 when the speed was increased 
to 1125 rpm. 





tubes. They are seldom called “chrono- 
metric tachometers,” having been given 
various names while they were still war- 
time fission-bomb project secrets. Today 
their commonest generic designation 
seems to be “frequency counters.” More- 
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Fig. 8. Block diagram of electronic chrono- 
metric tachometer. (Commercial models are 
known as “Frequency Counters,” “Events-per- 
unit-time meters,” etc.) 


over, the frequencies which most of 
these instruments are designed to count 
cycle-by-cycle or pulse-by-pulse are sel- 
dom the commercial frequencies but the 
radio frequencies. Fig. 8 is a block dia- 
gram of a simple “frequency counter” 
for the MF range (300 ke. to 3 Me.). 
The sampling period is controlled by 
means of a crystal oscillator. Its dura- 
tion is selected by connecting one of the 
frequency dividers in the “Dividers” 
cabinet. Thus it is possible to obtain 
unusually long sampling periods (sec- 
onds instead of milliseconds) and some 
makers are prepared to supply the re- 
quired components. Most of the com- 
mercial instruments are not so simple; 
they include deflection-type (non-count- 
ing) frequency meters. See Section &. 





5. PUMP-TYPE TACHOMETERS 


Pneumatic and hydraulic pumps, 
driven directly by engines, turbines, 
etc., have been used as tachometers for 
many years in power plants, where 
many operators still favor them as “re- 
liable machines, not delicate instru- 
ments.” Most pneumatic types are mod- 
ified blowers, discharging through re- 
strictions and thereby producing a 
pressure proportional to the square of 
the speed. Most hydraulic types are 
positive-displacement rotary pumps, 
sucking oil from a reservoir and dis- 
charging it through a restriction into 
the reservoir, the pressure in back of 
the restriction likewise being the square 
of the speed. 

The enduring popularity cf pump- 
type tachometers is largely due to the 
use of rugged pressure gages as indi- 
cators, recorders and control-system 
command-elements. 


6. CENTRIFUGAL TACHOMETERS 


Flyball types.—There are two basic 
types of these—gravity loaded and 
spring loaded. A typical spring-loaded 
fiyball-tachometer movement is shojyn 
in Fig. 9. Spring loading increases the 
speed of response to variations in in- 
stantaneous speed. Flyball tachometers 


and governors should not be used near 


the zero or maximum of the range. 


Cross-pendulum type.—The _ cross- 
pendulum type of tachometer is a cen- 
trifugal-force device which uses, in- 
stead of two flybalis, four weights at 
the ends of two crossed arms. When 
rotating, the weights tend to assume 
a position perpendicular to the rotating 
spindle, The use of four weights mini- 


mizes vibration and also makes the 
rotating unit independent of horizontal! 
and vertical orientation. 


Tilting-ring type.—Tilting-type cen- 
trifugal-weight tachometers include not 
only the ring-pendulum type but also 
any centrifugal tachometer with a 
single crossbar weighted at its end and 
pivoted at its center. Various unbal- 
anced-type centrifugal tachometers, 
therefore, are tilting types. 














Fig. 9. Principle of the flyball hand tachom- 
eter. The scale is non-linear even with a spring 
that obeys Hooke’s Law. 
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Fig. 10. Tilting-ring tachometer. 


TACHOMETERS 


The electric tachometers here con- 
sidered are not frequency meters; they 
are essentially d-c. or a-c. generators 
connected to voltmeters, which indicate 
the output of the generators. Their 
principal characteristics are as follows: 

(1) Electric tachometers 
speed continuously. 

(2) They usually are not capable of 
indicating and recording rapid fluctua- 
tions, but can be damped to smooth out 
rapid fluctuations. 

(3) The measurement of speed with 
the electric tachometer is inferential, 
but the relation between speed and the 
generator response is usually a straight- 
line relation. In such systems, accuracy 
and other measuring properties depend 
largely on the indicating instrument 
itself. 

(4) The linear characteristics of 
most electric tachometers make possible 
uniformly-graduated recorder charts. 

(5) The generators impose a load 
on the shafts whose speeds are meas- 
ured; they must not be used where this 
load would be a source of error. 

(6) The indicating instruments are 
electrical instruments obtainable in 
many standard forms and sizes, 


7. ELECTRIC 


measure 


(7) It is possible to connect a plur- 
ality of instruments to one generator 
and to change instruments at will. 

(8) The indicators can be located 
at a distance from the generators. 

(9) The direction of rotation is 
immaterial in most industrial types. 

(10) Repairs and replacements usu 
ally can be made readily on the unit 
parts of an electric-tachometer system. 

D-c. generator.—Fig. 11 shows a 
d-c. generator for use in a tachometer. 
The output is a pulsating d-c. volt 
age, which is indicated on a d-c. volt- 
meter calibrated in speed units. For 
accuracy, the output voltage can be ap 
plied to a high resistance with taps, 
and the measurement can be made on 
a null-type potentiometer. 

A-c. generator.—The operation of one 
type of a-c. tachometer is shown in 
Fig. 12. The magnets send flux through 
the stator coils. The rotor is simply a 
laminated slotted cylinder. As the teeth 
of the rotor pass the pole pieces at- 
tached to the laminated stator, the re- 
juctance of the air gap between rotor 
and stator varies. This varies the flux 
through the stator coil and induces 
an a-c. output voltage, which is pro- 
portional to the speed of rotation of 
the rotor. 

Another method uses a_ stator 
with multiple pole pieces, as in Fig. 12. 
However, instead of a fixed magnet 
and laminated the rotor is a 
permanent magnet which induces volt 
age in the stator coil as it passes the 
pole pieces, somewhat as sketched in 
Fig. 2. Rotors and stators are laminated 
to reduce eddy currents. 

The drag-cup a-c. tachometer (not to 
be confused with the magnetic-drag 
tachometer described in the next 
tion) is somewhat similar in principle, 
but is mechanically the reverse of Fig 
12. The stator is the innermost mem. 


coil 


rotor, 


sec 


Fig. 11. D-c. generator of special design for 
tachometric service. 
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Fig. 12. A-e. generator of special design for 
tachometric service. 
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Fig. 13. Capacitor charge-and-discharge type 
of tachometer. 


ber; it is inside a rotating thin-wall 
cylinder, and the outermost member is 
a cylindrical housing which completes 
the magnetic circuit. When one phase of 
the stator is energized from a constant- 
amplitude constant-frequency voltage 
source, the other phase of the stator 
yields a voltage proportional to the 
speed at which the cup is driven. The 
design saves weight regardless of size; 
and furthermore this type is available 
in miniature sizes for airborne appli- 
cations. 
Capacitor Charge-and-discharge 
Type.—This is an old type, one Euro- 
pean make having been brought out 
about 1904, but the devices were short- 
lived and not until 1944 did there ap- 
pear (in the U.S.) an adequately dur- 
able polarity-reversing switch and as- 
sociated mechanical components. Fig. 
13 shows a typical circuit and arrange- 
ment of parts. Tachometer “heads” for 
continuous operation in fixed installa- 
tions are said to be good for 2% billion 
operating cycles (2% billion shaft revo- 
lutions if no reducing gear-box is used). 


8&8. MAGNETIC-DRAG TACHOMETERS 


Most automobile speedometers are 
magnetic-drag tachometers. The princi- 
ple of operation is that if a magnet is 
retated near a metal disk, the disk 
tends to turn in the same direction be- 
cause of eddy currents induced in the 
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Fig. 14. Magnetic-drag tachometer. 


disk. A cross-section of a magnetic- 
drag tachometer is shown in Fig. 14. 
Rotating magnet C induces eddy cur- 
rents in metal cup A, causing the cup 
to tend to rotate in the same direction 
as the magnet. The pull on the cup is 
proportional to the speed of the magnet. 
Restraining spring E opposes the rota- 
tion of the cup. Spring rate being lin- 
ear, the cup’s deflection is proportional 
to the speed of the magnet and the mph. 
scale (A) is linear. 
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Fig. 15. Fig. 15. “Comb” of a vibrating-reed frequency meter, 
for rigid fastening to the housing of a machine whose speed is 


measured. 


9. FREQUENCY MEASUREMENT 

Although frequency is synonymous 
with speed, it connotes the time rate of 
recurrent events rather than rate of 
motion. The vibration of machinery, 
the alternations of electrical phenom- 
ena, etc.. are expressed as frequencies 
and not as speed. This discussion deals 
only with electrical frequencies and 
industrial frequency-measurement in- 
struments. 

Vibrating reed.—The measuring unit 
consists of a row, or “comb,” of thin 
nickel-plated spring-steel reeds, each 
about %-inch wide, rigidly fastened at 
one end to a bar, or “bridge,” and with 
their other ends bent at right angle 
and free to oscillate. Fig. 15 shows 
the reed “comb.” As shown in Fig. 
16 an electromagnet can be used to 
vibrate the comb at the frequency to 
be measured. The reed in resonance 
responds with the maximum vibration. 

Electrical—As commercially avail- 
able, most electrical frequency meters 
have narrow ranges with “60.00” (or 
other standard) at scale-center. The 
resonant-circuit type and the bridge 
type are among the most sensitive of all 
electrical indicating instruments. The 
null-balance detector of a frequency 
bridge has long been used as the com- 
mand element in automatic turbine- 
speed control systems. See Section 12. 

Electronic—Electronic frequency- 
meters (for continuous waves) can be 
divided into two types—oscillators and 
adjustable resonant circuits. In oscil- 
lator types, the frequency of a built- 
in oscillator is compared with the un- 
known frequency to be measured. In 
resonant-circuit types, the resonant 
circuit is tuned until it is resonant at 
the frequency to be measured. As the 
circuit absor}: maximum energy at 
resonance, this type is called an absorp- 
tion frequency meter. 

Frequency measurement in industry 
is concerned more with the measure- 
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Fig. 16. Magnetic vibrator for 
exciting a “comb” at an electri- 
cal frequency. 


ment of pulses than of continuous si- 
noidal waves. Pulses can be produced by 
pickups, such as shown in Fig. 2, and 
the indicator scales are calibrated more 
often in rpm. than in eps. 
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Fig. 17. Block diagram of a circuit for fre- 
quency measurement. 

The block diagram of a typical instru- 
ment for measuring the repetition rate 
of pulses is shown in Fig. 17. The 
input pulses are amplified in a limiting 
amplifier, the output of which is similar 
to a square wave. The square-wave 
output is differentiated—that is, only 
the steep vertical portions are passed 
to the rectifier, which passes only the 
positive spikes. Thus the input to the 
measuring tube is a sharp, spiked, 
positive pulse for each input pulse. 
As the vacuum tube passes a small 
amount of current each time the posi- 
tive spike reaches the grid, the average 
current through the tube is a function 
of the repetition rate of the input pulses. 
A d-c. milliammeter in the plate or 
cathode circuit measures the average 
current. 

Electronic Frequency Meters.—These 
have already been mentioned under 
“Chronometric Tachometers.” Fig. 18 
shows two models, one (A) for ranges 
of interest in connection with machin- 
ery and processes. In this model the 
usual functions of signal and reference 
oscillators are reversed: what is di- 
rectly counted is the number of micro- 
seconds during one cycle of the input 
whose frequency is to be measured. Fig. 
18B is a conventional “frequency 
counter” for the 300-ke. to 3-Mc. range. 
Such instruments use the beat-frequen- 
cy principle to count the number of 
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18. Block diagrams of electronic frequency meters. 





pulses or the number of continuous- 
wave cycles during a sampling period 
(selected by a switch) controlled by a 
crystal oscillator. These electronic in- 
struments are relatively expensive but, 
with commutating or scanning systems, 
they can rapidly monitor the speeds of 
a number of machines or processes from 
one console. 

Highly accurate standards of fre- 
quency for radio-frequency and audio- 
frequency measurement are the stand- 
ard frequencies broadcast from WWV, 
the station of the Central Radio Propa- 
gation Laboratory, National Bureau of 
Standards, Washington, D. C. This sta- 
tion broadcasts on frequencies of 2.5, 
5.0, 10.0, 15.0, 20.0, 25.0, 30.0, and 35.0 
Mc. Audio frequencies of 1, 440, and 
600 eps. are modulated on the first six 
carrier frequencies at regular periods. 


10. STROBOSCOPES 


When a mechanism in rapid rotating, 
reciprocating, oscillating, or vibrating 
motion is glimpsed momentarily once 
each cycle at a given point in the cycle, 
it appears to stand still. This is be- 
cause the impression made on the re- 
tina of the eye at each glimpse is 
retained during the brief interval until 
the next glimpse. A chalk mark on a 
revolving disk viewed once each revolu- 
tion appears to stand still. It also ap- 
pears to stand still if viewed every 
second, third, and so on, revolution. 
If viewed twice each revolution two 
stationary marks or spokes are visible. 
With a glimpse frequency of af cps. or 


af/b eps. (a and b being integers) the 


appearance is that of a _ stationary 
wheel of a spokes. 

Similarly, a wheel having » spokes 
and viewed n times per revolution, 
appears to stand still. In the same 
manner as for one spoke, the apparent 
number of spokes is varied. Thus, if a 
wheel of » spokes rotates at f revolu- 
tions per second, and if the glimpse 
frequency is f(na/b), it appears as a 
stationary wheel of na spokes. Devia- 
tion from this glimpse frequency causes 
the spokes to appear to rotate at a rate 
of 1/na eps., or one apparent spoke per 
second for each 1/b-cps. deviation. 

Speed and frequency can be measured 
by using the stroboscopic effect. In many 
cases a mark on a wheel is sufficient. 
The stroboscopic disk has made it pos- 
sible to obtain wide readability with 
small variations in instrument speed. 

There are three types of stroboscopes 

-interrupted line of sight, interrupted 
light, and intermittent light. 

Interrupted line of sight.—This type 
of instrument consists essentially of a 
revolving disk or drum with slots in 
it. The disk is held in front of the eye 
and the moving object is observed 
through the slots. Thus the object is 
viewed intermittently at a frequency 
which depends on the speed of rotation 
of the disk, which is indicated by a small 
built-in tachometer. 

Interrupted-light.—In_ interrupted- 
light stroboscopes, a source of continu- 
ous light, such as an incandescent lamp, 
illuminates the object viewed. However, 


Fig. 19. Block diagram of discharge-type 


stroboscope. 

the light path is interrupted by a re- 
volving sector, or by a moving mirror. 
Thus the object is illuminated only for 
a short interval at the frequency of the 
interrupter. 

Intermittent light.—In intermittent- 
light stroboscopes, the source of light 
is turned on and off at the frequency of 
viewing. Intermittent-light instruments 
usually employ gas-discharge type 
tubes, which can be ionized in microsec- 
onds. The duration of the flash from the 
instrument (which also is in microsec- 
onds) and the intensity, both depend on 
the size of capacitor discharged through 
the discharge tube. A typical intermit- 
tent-light stroboscope is shown in Fig. 
19. The advantages of this type are 
the shortness of duration and high in- 
tensity of the flash. Portable instru- 
ments, known as “strobe lamps,” are 
used with stroboscopic disks for check- 
ing the speeds of phonograph turntables 
and other constant-speed devices. 


11. CHRONOGRAPHS AND OSCILLOGRAPHS 


Chronograph.—A chronograph com- 
prises a moving chart upon which a 
distinctive mark is made for each event. 
or revolution to be counted. The chart 
can be continuous strip, drum, or circu- 
lar. Some charts have printed time- 
markings and are moved by a synchro- 
nous motor; others move at any speed 
and have time markings made by a pen 
or stylus operated by a tuning fork or 
controlled line-frequency. Most chrono- 
graphs are used for measuring velocity 
(of projectiles, etc.) rather than speed. 

Counter chronographs are numerical- 
display instruments, employing crystal 
oscillators as standard-frequency ref- 
erences. They indicate, by flashing a 
series of glow lamps or other digits, the 
time (in milliseconds or microseconds) 
between two events such as the passage 
of a projectile through two screens or 
coils separated by a known distance. 

Oscillographs.—Electromagnetic or 
galvanometric oszillographs make re- 
cordings either by a light-weight pen or 
by a ray of light focused on moving 
film. The moving element, usually called 
the galvanometer, has a higher natural 
period of oscillation than that of an 
ordinary recorder. The inertia of the 
element is extremely small and there is 
little or no friction between recording 
element and the paper or film. 

For extremely high-speed response, 
the measured magnitude deflects the 
electron beam in a cathode-ray oscillo- 
graph and the moving ray makes a rec- 
ord on a photographic plate. 


The cathode-ray oscilloscope (not 


oscilloGRAPH) is used also in analyzing 
variations in the speed of equipment 
or mechanical vibration. The output 
of an electrical tachometer can be used 
as the input for the oscilloscope. Smal] 
shaft-speed variations can be shown on 
the screen. 


12. ACCELEROMETERS 


Methods.—-Acceleration is the time 
rate of change of velocity. Velocity 
is the time rate of change of displace- 
ment. Therefore the three basic meth- 
ods for measurement of acceleration 
involve the measurement of either (1) 
displacement and time, (2) speed and 
time, or (3) acceleration (direct meas- 
urement). 

An example of method 1 consists in 
obtaining a record of the displacement 
of the object being studied. The slope 
of the recorded curve is the velocity 
of the object. These slopes can be 
plotted to give a curve of velocity. The 
slope of the velocity curve at every 
point is the acceleration of the object 
at that point. This method is that of 
absolute measurement and is employed 
in certain tests where the highest ac- 
curacy is desired. 

A modification of the first method is 
found in recording forms of chrono- 
metric tachometers. The successive val- 
ues automatically recorded are of aver- 
age speed over the operation period of 
the instrument, generally one second. 
Therefore, this type is preferably used 
for studies of slow changes of accelera- 
tion where high accuracy is required. 

The second method, measurement of 
speed and time, can be used with tacho- 
graphs, which plot instantaneous speed 
against time. The accuracy to which 
such instruments actually record in- 
stantaneous speed depends on their kin- 
etic behavior. The ordinary centrifugal 
tachograph either damps out transient 
fluctuations or overshoots when _ re- 
sponding to a rapid change in speed. 
This is exactly what an accelerometer 
must NoT do. Only a few recording tach- 
ometers record transient variations in 
speed with sufficient fidelity. 

The third method is to measure some 
effect of acceleration. The effect must 
be a function of acceleration, and of 
acceleration only. There are a number 
of such effects, but only a few are 
conveniently utilizable for purposes of 
measurement by direct-reading instru- 
ments that may be scaled in units of 
acceleration. These utilizable effects 
may be divided into three groups—(1) 
mechanical, (2) electromagnetic, and 
(3). electrostatic. 

Electromagnetic methods use the 
transformer principles—that is, the 
voltage induced in the secondary of a 
transformer depends on the rate of 
change of the voltage in the primary. 
Electrostatic methods use the capacitor 
principle,—that is, the current flow 
through a capacitor depends on the 
rate of change of voltage across the 
capacitor. The main disadvantages of 
these methods is that the outputs de- 
pend not only on the rate of change of 
input but also on the amplitude of the 
input. Further, the former signal is 
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Fig. 20. Recording accelerometer. 


much smaller than unwanted varia- 


tions in the latter. 

Therefore, mechanical methods, in 
which the force applied to a mass is 
directly equal to the acceleration, are 
utilized in the majority of acceler- 
ometers. The application of the princi- 
ple consists in measuring the deflection 
of a mass suspended or pivoted with 
usually one degree of freedom and re- 
strained by an elastic member, a damp- 
ing resistance, or a gravity component. 
The instruments can be divided into (1) 
self-contained, and (2) systems com- 
prising electrical-output pickups and 
remote recorders. 

An example of the self-contained type 
is the recording accelerometer, Fig. 20, 
which can be used for recording either 
horizontal or vertical accelerations, de- 
pending on the position in which it is 
placed. 

The mass M is 
strips, He and Hy, 


additional 
moves on 


by two flat steel 
by means 


supported 
and is connected 
steel strip N to member O, 
knife edges K and Ki. This 
member carries a flat strip of aluminum L, one 
end of which is free to move between the poles 
of damping magnet P 
1, is stylus GQ. Any movement of the 
the stylus across recordtape A, which 
clockwork not 
Magnet P is energized by a battery 


of an 
which 


Fixed to aluminum strip 
mass moves 
is driven 


by roller T by means of shown 


in diagram 


thus damping is adjustabk 


Rotation accelerometers.__These_in- 
struments record variations in the an- 
gular velocity of rotating bodies. They 
can be used for tracing and measuring 
cyclic fluctuations and other variations 
in the speed of internal-combustion 
engines and electrical machinery, as 
well as for measuring the compara 
tively steady angular accelerations in a 
motor starting from rest, The torsional 
resonances in any class of prime mover 
or driven machinery can be detected 
and their effects investigated. 


Acceleration Pickups offer the ad- 
vantage of small size and light weight, 
so that their use is not limited to ve- 
hicles or large machines. Units smaller 
than a sewing thimble are available. 

Principal types of electrical-output 
acceleration pickups are: (1) resist- 
ance-wire; (2) piezoelectric; (3) elec- 
tronic. 

(1) Variable-resistance acceleration 
pickups (commonly known as “strain- 
gage” types) usually employ a mass- 
and-spring system with one degree of 
freedom. In many of the bonded-wire 
pickups, this mass is mounted on a de- 
flection beam and strain-gage wires are 
bonded to both sides of the beam, so 
that when the beam deflects, the wires 
on one side are stretched and those on 
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the other side are compressed length- 
wise. In pickups the 
mass is suspended by the wires them- 
selves, all of which are in initial ten- 
sion when the pickup is at rest. Thus, 
when the housing is accelerated and the 
mass moves with respect to the hous- 
ing, no wires become completely slack. 
This type is capable of extreme sensi- 
tivity and high-fidelity response. 

(2) Piezoelectric acceleration pick- 
ups can measure high accelerations 
without being damaged. (They facili- 
tated development of the proximity 
fuzes for artillery shells.) 

(3) Electronic acceleration pickups 
are modified radio tubes in which one 
electrode is movable and spring-sup- 
ported. 

All electrical-output acceleration 
pickups are more or less temperature- 
sensitive. Those for outdoor service 
(military, ete.) usually embody auto- 
matic temperature compensation; 
others should be used only at room 
temperatures. For more details on re- 
sistance-wire and piezoelectric elements 
see Sections 4(d) and 5 (a) of Part 3 
of Chapter III on pressure measure- 
ment. 


unbonded-wire 


13. INDUSTRIAL SPEED CONTROL 

Notes 
thatie 
is an essential part of most 


(1) The 


speed controller is governor 


for an auto 
The governor 
prime movers other 


eustomary term 


than engines and motors that drive vehicles, ete 
(whose speed need not be constant). 

(2) Study of the performance of prime-mover 
branch of the 
provided the groundwork 
control engineering and 


is the oldest science of 
control, It 


for modern 


governors 
automatic 
process 
servomechanism engineering 

(3) Owing to effects of and mo 
mentum, an industrial speed-control application 
shares with both a 


inertance 


properties process and a 








Fig. 21. Self-operating 
tional-position governor. 


propor- 


D Spring stiffness 
and ratio X-Y 
determine 
proportional band 


servomechanism, See Chapter XILI on Process 
Control and Chapter XIV on Servomechanisms 

(4) Industrial speed control differs from 
prime-mover speed control in that the user, as 
a rule, can select any one of a number of types 
(and makes) of speed control systems for a 
machine, an motor, a pumping sta 
tion, ete 

(5) Some admirably and accurate 
types of speed measuring instruments cannot be 
adapted to speed control service conveniently 
or at all). Others are excellently adaptable 
Table I can be used as a guide. The types 
marked © and most of those marked RR can be 
incorporated into speed control systems 


engine, a 


sensitive 


One may define an industrial speed 
control instrument as the combination 
of any industrial speed (or frequency) 
measuring instrument with a controlled, 
standardized means (power cylinder, 
motorized valve, variable speed trans- 
mission, etc.) for increasing or decreas- 
ing the speed. 


Flyball type.—Varieties of this prin- 
ciple constitute a major share of speed- 
control methods. Centrifugal flyballs 
can be used directly to position a valve, 
or they can position (1) a variable re- 
sistance, (2) a pilot in the control sys- 
tem, or (3) the pilot of a pneumatic 
transmission system to a_ standard 
pneumatic recorder-controller. 

Four schematic diagrams (Figs. 21- 
24*) bring out the analogy between the 
evolution of an automatic speed con- 
trol system and the evolution of. in- 
dustrial automatic controllers. 

Fig. 21 shows schematically a self- 
contained speed controller in which the 


‘These diagrams and the accompanying pres 
entation are based on a paper by J. G, Wilson, 
H. M. Karr and M. V. Long (Shell Development 
Co.), 1947 Instrumentation Short Course, Texas 
\ & M Collese 
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Cc Fig. 23. Servo-operated gov- 
ernor with adjustment of pro- 
portional range. No automatic 
reset. 














Fig. 24. Servo-operated gov- 
ernor with both proportional 
band adjustment and adjustable 
reset. 
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Servo-operated propor- 
tienal-pesition governor 


Fig. 22. 
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Fig. 25. Positive displacement pump governor. 


fiyballs develop enough power to op 
erate the throttle. On an increase in 
speed, flyballs A move outward, caus- 
ing spindle B to move upward and 
valve G to move toward closed posi- 
tion. The speed control-point depends 
on the position of upper end of spring 
C, which is adjusted either manually 
by a screw (not shown) or by a re- 
motely-controlled positioner such as air 
diaphragm D. As has been known for 
a hundred years or more, such a system 
is oscillatory; so dashpot T is provided 
to damp the cycling. But there will be 
a wide dead-zone on account of friction, 
especially at throttle G. 

In Fig. 22, friction is overcome by 
hydraulic power, which is modulated by 


spool-type relay F and exerted by cyl- 
inder E. The hydraulic servomechan- 
ism is a follow-up, relay valve F being 


its error-detector and being returned 
to neutral after each change of posi- 
tion of the piston in cylinder E. The 
only friction to be overcome by speed- 
measuring element A is that of F. 
But this system, too, lacks adjustability 
of proportional band. 

In Fig. 23 the fixed-ratio lever is re- 
placed by one with an adjustable ful- 
crum (H) which permits the throttling 
range to be widened or narrowed. This, 
in turn, enables adjustment—but not 
elimination—of the “droop” or “offset” 
o” “steady-state load error.” 

In the Fig. 24 system, the single lever 
is replaced by two levers (1-2-3 and 
1-5), coupled by two hydraulic cylinders 
with a bleed between them. This ar- 
rangement provides automatic-reset or 
integral action, as in pneumatic proc 
ess-control instruments. 

Reset action: As point 4 
downward, oil is transferred from cyl- 
inder I to cylinder J. This repositions 
point 1 to its neutral position. Excess 
pressure between the pistons is bled 
off to the sump (which has a positive 
head) so that the spring in piston J 
restores the piston to its normal posi- 
tion. As equilibrium is established, 
points 1 and 3 return to their original 
position, which means that the speed 
has been returned to its original setting. 

Positive displacement liquid pump. 

-In this system (Fig. 25) a governor 
fluid pump and variable orifice replace 


moves 


the flyball unit and are used in the 
same manner as for a tachometer with 
a governor cylinder replacing the rpm. 
gage. Variable throttling range and 
automatic reset can be incorporated 
in this system as in the flyball system. 


A.Motor Generator Amplifier Thyratron 


Fig. 26. Tachometer generator used in elec- 
tronic speed-control circuit. 


rather than speed, can be readily 
adapted to control as shown in Fig. 28. 
Although this mechanism has been su 
perseded, we purposely show it because 
its proportional-duration control action 
differs from those of the previously-de 
scribed controllers. For some speed con 
trol applications, this control action 
surpasses most others. 

Unbalance in the frequency-sensing 
circuit deflects the galvanometer and 
the contactor ring. This causes one 
of the revolving cam contactors to come 
in contact with the contacts on the ring 
for a period varying in duration with 
the deviation of frequency from normal. 
This operates the synchronizing motor 
one way or the other, depending on 
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Fig. 27. 


D-e. tachometer.—The generator can 
be used in the following ways as part 
of a speed-control system: 

(1) To generate current which oper- 
ates a  potentiometer-pneumatic con- 
troller. 

(2) By installing contacts, 
high, normal, and low, to operate an 
electric motor positioner. This posi- 
tioner can set speed contacts for an 
electric motor, set a throttle position, 
or operate any speed adjustment. 

(3) Used as an integral part of an 
electronic circuit, as shown in Fig. 26. 

(4) Used to supply varying voltage 
to an electric regulator for a motor. 

Fig. 27 shows the wiring and essen- 
tial parts of a “rocking-contact type” 
voltage regulator used for speed con 
vol. The voltage supplied by the ta- 
chometer generator positions drum C, 
which is counterbalanced by the torque 
of a spring. Rotation of drum ( 
causes an increase or decrease of re 
sistance in the motor-control circuit. 

A-c. tachometer  generator.—This 
generator can be used with contactors 
as in (1) above, or to supply voltage as 
in (4). 

Null-type 
cuit, most 


usually 


cireuit.—This cir- 
for frequency 


bridge 
often used 


Rocking-contact speed regulator. 


whether the deviation is high or low. 
The synchronizing motor can operate a 
valve or a variable resistance in the 
motor-control circuit. 


This aqpustment a 
Jet for frequemy 
aesived 


413 Cam mages 
the Aravon of 
| Contac. 


Proper ton fo 
he devas ton of 


Con! roller Mofer 


«Pelays vied f 
fmotor current 


(3 large 





Fig. 28. Null-type bridge controller. 





Fig. 29 shows a modern circuit in 
which the error signal caused by bridge 
unbalance is amplified and used to con 
trol the speed of a motor. Note the pro 
vision for rate and reset actions, both 
adjustable, as in pneumatic controllers 

Variable-speed gears, transmission, 
This type of equipment includes 
many well designed and valuable com 
mercial models. Few, if any, may be 
classified as speed controllers because, 
although a speed can be selected 
changed remotely, no speed-sensing de 
vice compensates for changes in speed 
due to load, variations in prime-mover 
speed, or voltage variations on motor 
drives. These devices usually have a 
handwheel which can narrow or widen 
the faces between sheaves, change 
point of contact of gears, or otherwise 
vary relationships between the driving 
and driven members. This handwheel 
is replaced by a motor drive, an elec- 
tric positioning drive, or even shafts 
and universal joints, to facilitate op- 
eration of the variable-speed drive 
from a remote location. An automatic 
speed controller involves going one step 
further by installing a tachometer gen. 
erator in the positioning motor circuit. 
The handwheel, in another scheme, is 
replaced by an air motor actuated by a 
four-way diaphragm-motor valve. The 
motor valve is set by the output air of a 
standard pneumatic controller using 
one of the commercially-available pneu- 
matic speed transmitters. 

Electric motors.—The field of auto- 
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Fig. 29. Speed-control circuit with null-t 


matic speed control of electric motors 
has progressed to the point where a 
motor is obtainable for practically any 
industrial application. The following 
speed characteristics are obtainable. 

(1) Rangeability as wide as 250:1. 

(2) Stepless speed adjustment. 

(3) Speed may be adjusted during 
operation. 

(4) Calibrated speed settings. 

(5) Control within 0.5 percent. 

(6) Torque limit control. 

(7) Variable acceleration 
celeration. 

(8) Control of several machines to 
run at the same speed or at a given 
ratio to each other. 

Conclusion.—A. large percentage of 
the speeds measured today are meas- 
ured using principles that were accepted 
as basic thirty years ago. Refinements 
have lengthened the life and increased 


and de- 
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ype frequency bridge as command clement. 


the dependability and the accuracy of 
many of these systems. 

Electronic methods for counting and 
speed measurements have facilitated 
the measuring of high speeds and rates. 

The advent of reliable speed trans- 
mitters has made it possible to approach 
speed-control problems in the same 
manner and with the same equipment 
as is used in flow, temperature, or level 
measurement and control. 

The pump governor has evolved 
from a throttle directly connected and 
actuated by a centrifugal-flyball ele- 
ment, to the pilot operators with all of 
the control refinements of a pneumatic 
controller. As applied to turbo-gener- 
ators, these governors are expected to 
operate as precision instruments over 
wide load changes in exceedingly short 
time intervals. 
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CHAPTER IX 


RADIOACTIVITY 
By J. G. FOX and R. B. SUTTON 


1. INTRODUCTION 


HIS chapter deals with nuclear in- 

strumentation in nuclear fields 
other than pure physics research. 
The following sections are devoted to 
the properties of the nuclear radiations 
and the means of measuring them, the 
most commonly used circuits, the uses 
of radioactive materials, “hot lab” in- 
strumentation, and the techniques of 
health protection. Table I lists tech- 
niques which are used to measure prop- 
erties of nuclear radiation. Table I! 
lists the prime detectors and their 
properties. 

Not described here are instruments 
which are primarily research tools; 
charged-particle accelerators; tech- 
niques of neutron diffraction; nuclear 
magnetic resonance; and the whole field 
of pile instrumentation. 


2, PROPERTIES OF NUCLEI AND NUCLEAR 
RADIATION 


The vast majority of nuclear instru- 
ments interact with the radiations 
which nuclei emit rather than with the 
nuclei themselves. Except for particles 
such as mesons, neutrinos, ete. whose 
interest is at present confined to nu- 
clear research, these radiations are al 
pha particles, beta particles, gamma 
rays, neutrons, protons, deuterons, and 
(more rarely) heavier particles. 

Our only means of ultimately de- 
tecting these radiations is by means of 
the ionization or excitation produced by 
a moving charged particle. This means 
that gamma rays and neutrons which 
carry no charge are not directly de- 
tectable and so we must make 
the charged particles which they may 
produce in the prime detectors listed 
in Table 2. In the case of gamma rays 
these are electrons (beta particles) and 
in the case of neutrons they are pro- 
tons, alpha particles, fission fragments, 
and the beta and gamma rays emitted 
by nuclei which have absorbed a neu- 
tron and have been made radioactive. 


use of 


Effects Utilized for Detection of Gam- 
ma Photons.—(1) A gamma photon may 
transfer all of its energy to an exist- 
ing electron (photoelectric effect) or 
(2) part of its energy (Compton ef- 
fect), or (3) if its energy is greater 
than about one million electron volts (1 
Mev) may lose it, creating two elec- 
trons of opposite charge (pair pro- 
duction). Conversely (cpposite of 3) 
a positive and negative electron may 
come together and disappear, producing 
annihilation radiation: two simultane- 
ous gamma photons, each with about 
0.5 Mev. energy and traveling in op- 
posite directions. 


Effects Utilized for Detection of Neu- 
trons.—(1) Neutrons may transfer 
part of their energy to any nucleus in 
an elastic (billiard-ball-like) collision. 
The energy transferred and the ioniza- 


tion produced by the struck nucleus are 
greater the more nearly equal are the 
masses of the collision partners. (2) 
Neutrons are absorbed readily by 
boron and lithium nuclei with the re- 
sulting emission of energetic alpha par- 
ticles. The probability of absorption is 
inversely proportional to the velocity 
of the neutron for slow neutrons. The 
dividing line between slow and fast 
neutrons is not sharp but is about a 
few electron volts. (3) Neutrons ab- 
sorbed by some of the heaviest nuclei 
can cause them to split into two heavy 
fragments (fission) which produce a 
very great deal of ionization. (4) Fi- 
nally, when many nuclei absorb neu- 
trons, they become radioactive, emit- 
ting beta or gamma rays. 

It is assumed that the energies of 
all particles except fission fragments 
discussed in this chapter are less than 
about 10 or 20 Mev. For these energies 
alpha particles, protons and deuterons 
have a density of ionization along their 
paths of the order of 100 times greater 
than that for beta particles. This makes 
it possible for certain detectors to dis- 
tinguish electrons from the heavy par- 
ticles. 

Charged particles of a definite initial 
energy will travel only a certain dis- 
tance (range) through a given mate- 
rial. Gamma rays and neutrons do not 
have a definite range: the intensity of 





QUICK REFERENCE DATA ON 
RADIATIONS EMITTED BY NUCLEI 
details Table I 


For complete see 


Gamma Rays are electromagnetic 
waves of extremely short wave- 
length—from about 0.001 micron’ 
to about 0.1 micron. They are much 
more penetrating than x-rays. 

Beta Particles are free electrons 
and free positrons. Each electron 
carries one unit negative charge; 
each positron carries one unit posi- 
tive charge. 

Alpha Particles are the same as 
the nuclei of helium atoms. Each 
alpha particle carries two unit posi- 
tive charges. It consists of two 
protons and two neutrons, so that 
its mass number is four. 

Protons are the nuclei of hydro- 
gen atoms. Each proton carries 
one unit positive charge. Its mass 
number is one. 

Deuterons are the nuclei of deu- 
terium (“heavy hydrogen’) atoms. 
Each deuteron carries unit 
positive charge but its mass num- 


one 


ber is two. 

Neutrons are constituents of all 
atomic nuclei except hydrogen. A 
neutron carries no charge. Its mass 
number is one. 


a unit of length equal to 
thousandth 


*The micron is 
one millionth of a 
of a 


meter one 


millimeter 











gamma rays exponentially 
with distance and that of neutrons in 
a more complicated way. 

Radioactive nuclei naturally 
and are also produced by bombarding 


decreases 


occur 


stable nuclei with energetic charged 
particles, gamma rays and neutrons. 
The large number of neutrons pro- 


duced in controlled fission chain reac- 
tions (piles) makes these a copious 
source of radioactive elements. The 
time required for the intensity of ra 
diation emitted by a_ radioactive 
ment to decrease by one half is known 
as its half life. Known half-lives range 
all the way from 10!% years down to 
10-® second and serve to identify ra- 
dioactive elements. As a rough general 
rule, the shorter the half-life the more 
intense the radioactivity which can be 
obtained in practice. 

Other types of nuclear radiation 
(such as mesons) are produced by cos 
mic radiation and the high-energy par- 
ticle accelerators. They will not be 
discussed here because they are not 
being “used” at the time of writing. 


eie- 


3. CIRCUITS 
1. Sealing Cireuit. 

The function of this circuit is two 
fold: first it reduces the number of 
pulses per second provided by the pri 
mary detector by a known ratio to a 
rate which the mechanical counter, 
which finally records them, can follow; 
second it spreads its output pulses more 
uniformly in time and so decreases the 
fraction of pulses which happen to oc- 
cur in closely-spaced pairs and hence 
are missed by the mechanical counter. 

The basic unit of most scaling cir- 
cuits is the scale-of-two element whose 
output pulse rate is half the input rate. 
If N of these elements are connected 
in series, the ratio of output to input 


pulses is 1/2 (binary scaler). The 
circuit may be modified to make the 
ratio 1/10N (decade sealer). A_ satis- 


factory scale-of-two unit which is used 
in the Higinbotham circuit is shown 
in Fig. 1. The terminal marked “out” 
of one unit is connected to the terminal 
marked “in” of the next. 

Basically, the scale-of-two unit 
is a multivibrator flip-flop which is 
stable when either T, or T, is conduct 
ing and the other not. When T., of the 
preceding stage becomes conducting, a 
negative step signal is applied to the 
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sensitivity is 30-30,000 millirem. 


(see note 1) 
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eliminate betas. 
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Detector 
containing 


00 millirem (note | 
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can detect 
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amined with 
microscope. 
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of detector 7 


obtainable | 
audible signal | 
certain 

near 
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Detector 2 to meas- | 
integrated dose 
Sensitivity 0-200 mil- 


give 
dose 
amount. 
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| worker. 


| 
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with crossed | 


so 
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3* 


Detectors 2, 


tolerance 
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strips of 


cadmium 
and lead 


lirem. 
Same as for betas 


Also 


side shoes, cuffs etc. 


radioactivity collected 


gle or mul- 


30 mg/cm? wal 


with 
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tiple instruments available w 


Detector 


| sides of hands and snoe so 
| instruments which measure 


Personnel 
Contami- 
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S simultaneously. 


some not; instrume 


istruments to measure 
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(Note 6). 
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sensitivity 
window as above. 
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100,000 d.p.m. 
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second 
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as for betas. 
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available 
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| Those using detectors 1 and 2 best for q 


i, 


Laboratory | Detectors 
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neasurement 


as for betas. 
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of filter 
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dust or use 
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ctrostatic precipitation of dust 
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paper. 
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instrument moves filter paper past detector § 
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em?)—under development. Radioac- 
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5—under | 
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air monitored by putting them inside 


under development) or in a pig (Note 
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using detector 
very sensitive 


with 


30 mg/cm? wall). 
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electrometer 


wall). 
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| quantitative 
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background measured 
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detector 
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of sewage 


after evaporation of 


filtering 


or 
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water 
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Same 


ater flows around 


alpha particles but using detector 4* 
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with mica end window counter. 


detector 4 or 


Same as for 
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Water and 
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detector 


2 or 
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s air the range for a given energy is inversely proportional to the 


of neutrons 
absorb much more stron 


absorption 


Since absorption of gamma rays by matter varies smoothly with 
wi yar 


number 


numbered 


*Detectors are 


iy 


r 


lithix 


and 
and carbon) 


bore 


available monitor- 
Instrument Catalog 
obtainable from Tech- 


nercially 
Oak Ridge, Tennessee. Price 95 cents 


iation 


a 


“R 


compiled by the Radiation Instrument Branch; 


in 


detailed descriptic 


instruments may be found 


A more 


ing 


arranged 


this is readily 


1) See Section 6 for definition of rem. 


above the thickness required to reduce 


“Range” 
gammas and neutrons to half 


(4 Compare under 


nical Information Branch, AEC, 


number 


approximately the same atomic 


elements with 


= intensity of 
5) For all 


enclosing 


completely 


Pig—aA shield of about one inch of lead, 
a volume large enough to contain detector and radioactive sample. 


2) 


plate of the “off” tube and through the 
RC network to the grid of the adjacent 
“on” tube. This causes the flip-flop to 
pass to its other stable state. When 
T. of the preceding stage becomes non- 
conducting, the resulting positive step 
signal does not change the state of the 
flip-flop. 

The element shown in the diagram 
has a resolving time of 3 to 5 micro- 
seconds. If the circuit constants shown 
in parentheses are used the element 
will use less power and have a resolving 
time of about 20 microseconds. 

2. Coincidence Circuits. 

These are used to couple the pulse 

output from two or more counters and 


so indicate simultaneous arrival of par- 
ticles at the counters. Such circuits 


f 
io 


LOT >A if NO a’ 


are useful in determining such things 
us the direction of a particle (particles 
¢ounted if they go through counters in 
line), reducing background (particle to 
be counted has to go through two count- 
ers, while random counts in either not 
recorded) and many other applications. 
The circuit is usually one with an out- 
put which is non-linear with respect to 
the input, e.g., two similar simultaneous 
pulses in give an output much higher 
than twice that for one pulse in. Ex- 
amples are: multigrid tubes, such as 
mixers, with two grids biased off so 
that both must go positive to get an out- 
put signal; a parallel arrangement of 
triodes in what is known as a Rossi 
Circuit shown in Fig. 2. Here both 
tubes are normally conducting. If a 
negative pulse comes into one grid and 
cuts off one tube, the current through 
R decreases somewhat so that a small 
Voltage pulse appears at the output. 
If both tubes are cut off, a large change 
in current occurs, and the voltage drop 
across R disappears. 


3. Discriminator Circuits. 


Usually it is desirable to count only 
those pulses from a pulse amplifier or 
Geiger-counter tube above a_ certain 
minimum value. In the case of ioniza- 
tion chambers, proportional counters 
and scintillation counters, where the 
pulse height depends on the energy and 
type of particle, use of a circuit to dis- 
criminate against those pulses below 
a certain value will allow determina- 
tion of such things as number of par- 
ticles as a function of energy, flux of 
one type of particle in the presence of 
other particles, and will make it pos- 
sible to avoid counting noise pulses or 
pulses from the sparking or fluctuation 
in the voltage supply. In the case of 
Geiger counters such circuits serve 
the purpose of eliminating pulses from 
the voltage supply and also provide 
a high impedance for the counter to 
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feed into and an output io drive a 
sealing circuit. Such discriminator cir- 
cuits are generally some type of trig- 
ger circuit which, if it operates at all, 
puts out a pulse of fixed size independ- 
ent of the input pulse. Thyratron tubes 
were used extensively in the past but 
lately hard-tube circuits have been used 
since the counting rate can be faster. 


. 4s tere 


Such a circuit is shown in Fig 3. 
When its grid voltage is zero, T-1 is 
cut off and its plate is close to the +300 
volt supply potential. The grid of T-2 
is at about +100 volts and hence draws 
current until its cathode potential rises 
to +104 volts. This is also the cathode 
potential of T-1 and is the reason T-1 
is cut off. As the input voltage rises, 
nothing happens until the grid of T-1 
reaches the neighborhood of +100 volts 
and T-1 begins to conduct. This in 
creases the current through the com- 
mon cathode resistor, causing T-2 two 
conduct less and at the same time de 
creases the plate voltage of T-1 which 
is fed to the grid of T-2, causing it to 
conduct still less. The net result is a 
sudden transfer of current from T-2 
to T-1. This new situation prevails as 
long as the grid voltage of T-1 is 
greater than about 100 volts. When 
it drops below this value, the reverse 
change occurs. Thus an output pulse 
is obtained of fixed amount which lasts 
as long as the grid of T-1 remains 
above a fixed value (in this case 
+100 volts). The size of input pulse 
which will trigger this circuit may be 
varied by changing the normal grid 
pias of T-1 and T-2. 


4. Counting Rate Meter. 

This is a device by which counting 
rates are indicated by an ordinary 
pivoted-coil indicating instrument. It 
is suited for monitoring instruments and 
can be used to obtain a continuous rec- 
ord of the intensity of radiation. It is 
less accurate than a counting circuit. 


1-1 DD 


The circuit is so arranged that each 
pulse to be counted causes a definite 
amount of charge to be placed on a 
capacitor whose charge then leaks off 
through a high resistor, making the 
average capacitor voltage proportional 
to the counting rate. It is necessary 
that each input pulse have the same 
height, #, and a duration short com- 
pared to the average spacing between 


pulses. The basic circuit is shown in 
Fig. 4. Each pulse produced at P de- 
posits an amount of charge q=C,E on 
(,. The average potential V is then 
V=IR,=ngR,=nC,ER,. Pulses of 
either sign can be used. The two-volt 
bias prevents undesired current flow 
through the diodes from such causes 
as contact potential differences. 


5. Voltage Supplies. 


(a) For Geiger-Mueller Counters.— 
A supply with a range of output volt- 
age from about 500 to 2,000 volts d.c. 
is required to operate most available 
Geiger tubes. The output should be 
continuously variable, and stabilized to 
about 0.1 percent output voltage change 
per percent change in line voltage. An 
output current of a few microamperes 
is sufficient. Apart from the battery 
supply, the simplest is probably the 
60-cps. half-wave rectifier stabilized by 
a voltage regulator such as the 900- 
volt gas regulator now available, with 
a voltage divider across the output. For 
higher voltage than 900, two such tubes 
may be used in series. 


(b) For Proportional Counters.—A 
supply with a voltage range up to 2,500 
volts d.c. is required.: Since usually a 
proportional counter is used in order 
to be able to select particles by pulse 
size, good stability is required if the 
pulse size and hence particle type se- 
lected is to remain constant. Hence 
there is a greater tendency to use bat- 
teries here than for the Geiger counter. 
A few microamperes of current is suf- 
ficient. 

(c) For lonization Chambers.—The 
voltage required depends on the charac- 
teristics of the chamber. It snould be 
high enough to reach the saturation 
value of charge collected, i.e., so that 
little or no recombination of ions oc- 
curs. If this is obtained, changes in 
voltage will not change pulse size (or 
current) provided that when pulses are 
being recorded the characteristic time 
for discharge of the chamber capaci- 
tance is long compared to the collection 
time of the ions. In any case, ripple 
and sparking must be kept low since 
the pulse or charge is small compared 
to the case in (a) and (b). Batteries 
may be the most useful type of supply. 
The ionization current is the only drain. 


(d) For Electron. Multipliers.—A 
well-stabilized supply of about 1,000 
volts d.c. is required. It is distributed 
to the plates from a voltage divider. 
The size of this divider—which will 
determine the current required—-should 
be chosen so that at the current through 
the tube the voltage on thie plates is es- 
sentially the same as for zero current. 
Batteries are commonly used. 


6. Amplifiers. 


(a) For Proportional Counters.—A 
voltage gain of about 10‘ is required, 
but this figure depends very much on 
the multiplication obtained in the coun- 
ter; an output of about 40 volts should 


be achieved. The amplifier must be 
linear, i.e. output proportional to input. 


The input capacitance should be low and 
the input noise low. The initial rate 
of rise of the pulses is quite rapid, 
so that a “fast” or wide-band amplifier 
may be used with a short recovery 
time in order to make the pulse dura- 
tion short. An amplifier with a re- 
sponse time of a few tenths of a micro- 
second and a decay time slightly longer 
will give pulses lasting about a micro- 
second. So short a decay time will clip 
off part of the pulse. Resistance-capac- 
itance coupled amplifiers are gener- 
ally used, the important characteristics 
being low plate resistors, low plate and 
grid capacity and high gy tubes (such 
as 6AK5 or 6AC7). A short character- 
istic time (coupling capacitor and grid 
resistor) is used in one stage to provide 
the short recovery time. 

(b) For lonization Chambers.—Am- 
plifiers similar to those for proportional 
counters are used except that the gain 
usually must be higher: 10° or so. With 
amplifiers of this type, only the motion 
of the electrons in the chamber will 
be detected, so that the pulse height 
will depend on where in the chamber 
the ions are formed as well as on the 
number of ions. If slower amplifiers 
are used, i.e. with longer decay times 
(about 100 microseconds) the motion 
of the positive ions will also contribute 
to the pulse and the pulse height will 
be independent of position. Using am- 
plifiers with lower frequency response 
is necessary if the gas in the counter 
is electronegative and captures the elec- 
tron. If the high-frequency response 
is lowered, as it then may be, the sig- 
nal-to-noise ratio is improved. Low 
noise is an even more important con- 
sideration in the case of ionization- 
chamber amplifiers than in that of pro- 
portional-counter amplifiers, since no 
gas multiplication occurs. 

(c) For Scintillation Counters.—Since 
pulses from the multiplier are quite 
large——a few tenths of a volt—the am 
plifier gain needs to be only several 
hundred. However the pulse rise time 
is very short, of the order of 10° sec. 
so that extremely fast amplifiers should 
be used to take full advantage of this 
type of counter in certain applications 
such as measuring source-decay times 
or coincidence counting. Perhaps the 
best type of amplifier to use is the dis 
tributed-constant type. This type of 
amplifier responds to frequencies up to 
100 or 200 Me. or has a rise time of 
10-8 sec. or less. However, the amplifier 
gain is only the gain per stage times 
the number of stages and so is rather 
low. 


(d) D-c. 

In cases where the average current 
due to ionization in an ionization cham- 
ber, or the average current in a multi- 
plier, is to be measured, direct-current 
amplifiers are often used. Such am- 
plifiers are generally one-tube ampli- 
fiers, the tube used being a_ special 
electrometer tetrode or pentode. These 
tubes have as characteristics an ex- 
tremely low grid current (about 10-!% 
to 10'* amp.) and thus permit the 


Amplifiers. 
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2 lonization 
Chamber 


Prop: Type | 1 Electroscope 


erties \. 


Measures total cur- 
rent constituted by 
motion of primary 
ions produced directly 
hy particle detected. 


Measures total 
charge ac- 
cumulated = on 
electrodes 


Basis of 
operation 
See 
Note 2) 


Counts Yes 
individual! 


particles? 


Differenti 
ates 
between 
particles? 


Depends on gas and 
voltage; as low as 0.1 
microsecond, 


Duration 
of one 
event 


Associated 
circuits 
(See 
Note 3) 


|For observing indi 
vidual pulses ke @ 
3, 4, 5(¢), 6(b). 
For measuring flux 
4, 6(d). 
(See Note 3) 
Used for Yes 
half-life 
determina- 
tions? 


Depends on ionization 
and hence energy and 
type of particle. 
Ranges up to tenths 
of a millivolt 


Pulse 
#176 


Direc Yes 


tional? 


Various fillings are 
used to give more or 
less sensitivity to cer 
tain particles. For 
rapid collection of 
charge electronegative 
are avoided, 


Remarks Many types 
ivailable; some 


portable 
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4 Geiger-Mueller 
Counter 


} Proportional 
Counter 


Primary ioniza-|Primary ionization|Photo-multi 
tion multiplied multiplied in highj|detects 
in electric field 
by fixed amount 


avalanche whose size|by 


mary ionization. iphor 


Y ¢ 


Yes 


Several 


microseconds used; as 


it, 2, 3 
5(d) 
(See 


flux) 4 


itor 


Note 


Independent of par 
ticle type or energy — 
the order of volts 


Proportional to 
ionization of 
particle. Ranges 


up to millivolts, 


ferent 
same energ 
give same 
Ranges up 
f a volt 
may 
Only if central! wire is Ye 
beaded 


Yes 


Various types 
self-quenching, 
self-quenching, thin 
wall, thin end wall 
flow counter, (no ab-lene) deca 
sorbing wall), limited |inorganic 

life (organic vapor |phide)  de« 
in filling), 

life (halogen 
ing ete 


are 
non 


Various fillings 
give more or less 
Sensitivity to 
certain particles 
Multiplication 
depends on vol 
tage, gas pres 
sure and geom 
etry 


mined main 
phor used; 


unlimited |but give m« 
cent 
4 


fill light 


gas 


Scintillation 
Counter 


light 
electric field into an/fluorescence produced jduced by ionizing |sage 
ionizing 
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NOTES 
(1) In addition to the types of prim: 
detectors listed at the tops of the columns, there 
are Crystal Detectors and Electron Multipliers 
but these two types are used very little and only 
in research, 
There 
Cell or 


seven 


Cell (Ohmart 
“atomic battery’) which utilizes the 
radioelectric effect (direct conversion of radio 
active energy into a continuous electric current) 
It is used for measuring industrial process vari 
ables such as liquid levels, rather than for 
measuring and analyzing radioactivity which is 
the specific subject of this table. 


is also the Radioelectric 


oro 
yas 


Electroscopes, ionization chambers, 
and Geiger counters are 


(2) 
portional counters 


measuring of currents which are of 
this value. The voltage amplificrtion 
is generally less than unity, but the cur- 
rent amplification can be of the order 
of 105. The simplest circuit consists 
of a grid resistor of 101° to 10!% ohm, 
a sensitive current meter (galvanom- 
eter if necessary) in the plate circuit, 
about 6 volts plate voltage, 15 volts 
screen voltage, and —3 volts grid volt- 
age. The difficulties encountered with 
such circuits generally appear in the 
form of the plate-current drift caused 
by changes in emission current. Using 
a bridge type circuit, (for example one 
such tube in each of two arms of a 
bridge, and using the same filament 
supply for both) can eliminate some of 
this trouble. 

A second type of d-c. amplifier con- 
verts the d-c. signal, developed across 
a resistor in series with the chamber, 
into an a-c. signal, by means of a me- 


contain 4 
potentials 
the 
the 
de 


ically the same instrument, They all 
gas and two electrodes at different 
which collect the charged ions produced in 
gas. In an electroscope the force between 
insulated electrodes causes one of them to 
flect as the potential difference is changed by the 
collected charge. In an ionization chamber the 
electric field is low enough so that there is again 
no multiplication the primary ions are ac 
celerated and only the primary ionization is 
measured, In a proportional counter the electric 
field is raised to the point where the primary 
ions are accelerated sufficiently to produce other 
ioas. This multiplication can made as great 
as a thousand-fold or more and can be kept con 
stant. In a Geiger the eleetrie field 


as 


be 


eounter 


chanical vibrator (vibrating reed or 
vibrating capacitor) and amplifies the 
a-c. signal by using an a-c. amplifier. 
The advantage here is obviously that 
if the amplifier is linear changes in 
bias will not affect the output signal 
and hence stabilization is easier. Cur- 
rents as low as 10°'7 amp. can be 
measured. 


4. Usy, OF RADIOACTIVE MATERIALS 


These materials are useful for two 
main reasons. First, application can be 
made of the radiation emitted; sec- 
ondly, the property of being radioactive 
makes it possible to determine the loca- 
tion of the material (qualitatively and 
quantitatively) in tracer techniques. 


lU'se of Radioactive Sources 


ae 

(a) Measuring the level of liquids 
or granular materials in tanks, bins, 
standpipes, etc. One method involves 


ao 
dis 


becomes 
becomes @ 
independent of the 
of ionization which triggered it. This 
is rapidly stopped in self-quenching 
counters by the special properties of the gas fill 
ing and in non-self-quenching counters by the 
external electric circuit, 


Numbers re 
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that the flow of 
whose intensity 


still 
great 


multiplication 
nk 


is 


greater 
gas 
charge 
amount 
however 


(3) to thone seetion 


text 


4) With scintillation counters the light emit 
ted by the recombining ions can be “piped” some 
distance through transparent plastic of various 
shapes to the phototube which permits various 
interesting applications 


the use of a vertical strip form of ra 
dioactive source on one side and a ver 
tical stack of radiation detectors on 
the other. 

(b) Continuously measuring the 
thickness of moving sheets, etc., being 
processed. One method involves the use 
of a radioactive source, a measuring 
detector and a second detector to com 
pensate for background radiation and 
or decay of radioactive source. 

‘c) Continuously measuring the den 
sity of liquids flowing in pipelines. One 
method uses a compensating detector 
as in (b) but here the compensation is 
chiefly for the pipe-walls, in order to 
have a zero reading when the pipe con- 
tains no liquid. 

(d) Measurement of liquid-liquid in 
terface in pipe lines. Here the compen 
sating-detector current and the ampli 
fier sensitivity are so adjusted that the 
scale of the indicator or recorder reads 
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“( to 100” for a narrow range of spe- 
cific gravities, for example 0.50 to 0.70. 

(e) Measurements of thickness, spe- 
cific gravity, etc., by measuring the 
back-seattering. In these applications 
the gamma-ray source and the detector 
(separated from each other by a lead 
shield) are on one side of the measured 
material, so that the detector measures 
the intensity of those rays which are 
reflected in its direction. 

(f) Treatment of cancer by subject- 
ing the cancerous cells to irradiation. 
This application is similar to the x-ray 
or radium cancer treatments. However, 
with the variety of radioactive elements 
now available, it is sometimes possible 
to pick an element which will concen- 
trate in a specific place in the body, 
such as iodine in the thyroid gland. 
Thus more localized treatment may be 
possible. 

(g) The presence of radiation which 
will ionize atoms may be useful in 
speeding up certain reactions. 

(h) Reducing the effects of 
electric charges. 


static 


9 


2. Tracer Techniques 

The use of the second property de- 
pends on the fact that the chemical 
properties of an atom depend almost 
completely on the nuclear charge (atom- 
ic number) whereas for a given nu- 
clear charge the atomic weight may 
differ and hence the atom may or may 
not be radioactive. A typical example 
is that of the two cobalts, Co5® and 
Co®, Both have the same chemical 
properties and are inseparable chemi- 
cally. However, Co® is stable, whereas 
Co® emits beta and gamma radiation 
and has a five-year half-life. Hence, 
Co could be followed or traced through 
a chemical reaction both quantitatively 
and qualitatively by mixing a little 
Co® with the ordinary stable element. 
Large numbers of radioactive isotopes 
are now available from the Atomic 
Energy Commission, the availability 
having been increased by the advent of 
the chain-reacting uranium pile with 
its high neutron flux. It is possible to 
obtain a radioactive isotope of any 
stable element. However, the use is 
somewhat limited by the shortness of 
half-life of some isotopes and by the 
low energy of the radiation of some. 
A comprehensive list of isotopes is to 
be found in Nuclear Data Circular 499 
of the National Bureau of “tandards 
($4.25). 

Because of the great sensitivity of 
methods of radioactive detection, some 
of the most obvious applications of 
tracers are in situations where it is im- 
portant to know how much material is 
presen‘ when its concentration is ex- 
tremely minute. Examples are: reac- 
tions where freedom from impurities 
is important such as pigment and ce- 
ramic manufacture; the distribution of 
lubricant on rayon fiber to study its 
effect in subsequent dyeing and spin- 
ning; the effect of minute impurities 
on the physical properties of synthetic 
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fibers such as manganese in rayon; and 
wear tests as in gasoline engines. 

Other uses are: determination of 
equilibrium data and operating effi- 
ciency in distillation since existing ana- 
lytical methods in many cases are poor; 
determination of the homogeneity of 
mixtures after various amounts of agi- 
tation, and of separation efficiencies in 
centrifuging and filtration especially 
where finely-divided solids pass through 
a separation process; study of absorp- 
tion and adsorption processes. 

The commercial availability of the 
tools needed in this work with radio- 
active tracers has increased enormously 
in recent years. In addition to counters 
and scaling circuits one can obtain 
lead shields, source holders, automatic 
sample changers, standard absorbers, 
standard sources and so on. There is 
also available a variety of tagged com- 
pounds: chemical compounds one of 
whose atoms is radioactive. 


5. Hot LaB INSTRUMENTATION 


The problem here is to minimize the 
hazards to personnel working with ra- 
dioactive isotopes. Without unduly af- 
fecting the ease and efficiency of manip- 
ulations each worker must receive less 
than a certain daily dose of radiation. 
(See Section 6.) 

The intensity of external radiation 
in the vicinity of a worker may be re- 
duced by shielding and distance. Alpha 
and beta radiations are stopped by a 
few thousandths and a few hundredths 
of an inch respectively of any solid 
material. Gamma radiation from a 5- 
or 10-curie source requires about 6 
inches of lead or about 18 inches of 
concrete shielding to enable a worker 
to remain 3 to 6 feet from the source 
for about 80 minutes a day. For the 
more usual samples of 1 to 5 curies, 
the shielding may have an open top. 
This permits the use of mirrors and 
periscopes for visual observation and 
wide latitude for remote-control manip- 
ulations. 

Radioisotopes in contact with the 
skin or mucosa or inside the body, some- 
times in amounts as small as 10-19 
gram, are extremely dangerous because 
they might not be excreted. Therefore, 
protective clothing, ventilation, and res- 
pirators are also important. All sur- 
faces and equipment should be smooth, 
hard and streamlined to be readily 
cleaned. Stainless steel working sur- 
faces and hard tile or removable plas- 
tic tape for walls and floors are suit- 
able. 

To measure the radiation dose of 
individuals and to monitor individuals 
and working areas, various instru- 
ments are required as indicated in 
Table I. 

Within the shielding there must be 
remote control facilities for opening 

the heavy container and removing the 
sample, for various manipulations such 
as pouring, filtering, distilling, making 
electrical measurements, etc., and event- 


ually for restoring the sample or vari- 
ous fractions of it to containers. The 
types of such equipment which have 
been proposed are mechanical, mag- 
netic and hydraulic. They are fairly 
efficient but much development remains 
to be done. 


6. HEALTH PHYSICS. 


The safeguarding of the health of 
personnel working with nucelar radia- 
tion and of the general public is an 
extremely important aspect of this field 
of activity. A great deal of instrumen- 
tation has already been developed and 
much is still under development espe- 
cially in regard to the monitoring of 
fast neutron intensities. For this latter 
purpose there are no really satisfactory 
methods although it has recently been 
realized that harmful physiological ef- 
fects are produced by unexpectedly low 
levels of neutron intensity. A list of 
types of commercially available moni- 
toring instruments is given in Table I. 

There is no level of radiation intensity below 
which human beings may be said with certainty 
to suffer no harmful biological effects. In groups 
of animals (and presumably also people) ex 
posed to a given intensity of radiation there is 
always a certain fraction which show harmful 
biological effects. This fraction decreases ap- 
proximately exponentially with decreasing in- 
tensity but never (so far as is known) reaches 
zero, The “tolerances” which are described be- 
low are compromises between safety and prac- 
tieal diffieulty in reducing radiation intensities. 
However, no level of intensity above naturally- 
occurring background should be tolerated if it 
can be reduced with reasonable effort and ex- 
pense. The present accepted tolerance or maxi- 
mum permissible dose of radiation for humans 
is 100 millirem per day, although this figure is 
undergoing revision and 1/2 and even 1/8 of 
this figure has been suggested. 


The rem is that quantity of radia- 
tion of any type which produces the 
same biological effects as one roentgen 
of x- or gamma rays. The most suitable 
monitoring instruments (those which 
do not use G-M. counters) measure the 
amount of energy lost by radiation in 
matter. For one roentgen of x- or 
gamma rays this is approximately 83 
ergs in one gram of human tissue. For 
types of radiation other than these, the 
quantity of radiation which loses 83 
ergs per gram of tissue is called the 
rep. Thus, by purely physical measure- 
ments of energy loss, instruments can 
be calibrated to read in rep units. The 
reading in terms of the rem, the unit 
which is important from a health stand- 
point, can usually be determined at 
present only by consulting a table such 
as the following one: 


X-, gamma rays 1 rem = 1 rep = 1 roentgen 
Beta particles 1 rem 1 rep 

Alpha particles 1 rem = 0.1 rep 

Slow neutrons 1 rem = 0.25 rep 

Fast neutrons 1 rem = 0.20 rep 


In the light of recent experience it 
has been suggested that the biological 
effect of fast neutrons would be better 
described by defining 1 rem = 0.040 
rep. This would correspond to about 
400 fast neutrons per sq. cm. per sec- 
ond. 
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CHAPTER X 
ELECTRICAL INSTRUMENTS AND REGULATORS 
By H. N. HAYWARD 


FACTORS AFFECTING THE CHOICE 
OF METHOD AND INSTRUMENTS 


“EASUREMENTS should be made 
by the easiest method and by 
using the least expensive instruments 
that will achieve the desired accuracy. 
However, the mere use of instruments 
of adequate rated accuracy alone does 
not insure results of the quality de- 
sired. Many precautions must be taken 
and appropriate techniques used in 
making measurements in order for the 
rated accuracy of the instruments 
themselves to be achieved or even ap- 
proached in the measured values ob- 
tained by using the instruments. 

Measurements with indicating instru- 
ments, in which the value usually is 
indicated by the position of a pointer 
relative to a scale, are generally easiest 
to make. Many such instruments are 
available, permitting a wide range of 
choice of characteristics and accuracy. 

The null method of measurement 
also is widely used, particularly for 
accurate work, but usually is more 
difficult and slower than using indi- 
cating instruments. In the null method, 
a form of indicating instrument—the 
detector—indicates when balance is ob- 
tained; but the measurement is made 
by direct comparison of the unknown 
with a like or related known value. 
Potentiometers and bridges are ex- 
amples of instruments utilizing the null 
method of measurement. 

In a modification of the null method, 
part of the measurement is made by 
comparing the unknown with a known 
value that is variable in fixed steps; 
and the small difference between the 
two is measured with an indicating in- 
strument. This method is somewhat 
less accurate but usually much faster 
than the null method and is more ac- 
curate than using an indicating in- 
strument alone. The deflection poten- 
tiometer is the principal example of this 
type of instrument. 

Measurables that are not changing 
too rapidly to be accurately followed 
may be measured with recording 
(graphic) instruments. Some recorders 
operate like indicating instruments but 
require more power. Others, includ- 
ing many industrial recorders, operate 
on the null principle. Values changing 
more rapidly may be measured, observed 
or recorded with an oscillograph. Meas- 
urement of certain electrica) variables 
integrated with respect to time is ac- 
complished with an electricity meter, 
of which the watthour meter for the 
measurement of electric energy is an 
important example. 

A wide variety of instruments may 
be used for making certain measure- 
ments, particularly of voltage, current 
and resistance. Each type of instru- 
ment has certain advantages and some 
limitations and may be adaptable for 
particular applications. The usual ap- 


plication ranges of instruments and 
their general field of use are listed in 
Chart I for voltage measurements, in 
Chart II for current measurements 
and in Chart III for resistance meas- 
urements. Not all the instruments 
listed can be described because of space 
limitations. Most power measurements 
are made with wattmeters of the elec- 
trodynamic type, usually with an air 
core, although some have an iron core. 
Induction wattmeters also are still 
used to some extent. Thermal watt- 
meters find application in the utility 
industry, particularly as demand me- 
ters and load totalizers. Decibel (DB) 
meters, VU meters, or volume _ indi- 
cators used in communication work 
for power measurements usually are 
rectifier type voltmeters connected to 
measure the voltage across a fixed re- 
sistance load, the calibration being 
based on the fact that the power in a 
resistance equals E2/R. 

The selection of an 


instrument in- 


volves much more than merely choosing 
one operating on a suitable principle 


air gar 

Fig. 1. Conventional permanent-magnet mov- 
ing-coil instrument reads average value of pul- 
sating voltages or currents. Frequently magnet- 
ically shielded by placing in a soft-iron or steel 
cylinder. 


and having the desired range. The 
quality of the components used, fea- 
tures of electrical and mechanical de- 
sign, and the workmanship largely de- 
termine the accuracy and serviceability 
of an instrument. This requires some 
knowledge and understanding of and 
experience in using an instrument and 
others like it before an_ individual 
really is capable of making a good 
choice. 
INDICATING INSTRUMENTS 

General. With the exception of elec- 
trostatic instruments, indicating  in- 
struments depend on electromagnetic 
effects for their operation and are “cur- 
rent sensitive.” Basically then, an in- 
strument to measure other than current 
must be designed so the deflection of 
the pointer will be proportional to the 
variable to be measured. In addition, 
certain features may be necessary with- 
in the instrument to compensate for the 
effects of temperature and other in- 
fluences to which the instrument may 
react. Some effects cannot be compen- 
sated for within the instrument, and 
must be controlled by the user. One 
of these is the position in which an in- 


strument is used. The normal position 
for panel and switchboard instruments 
is vertical and for portable instruments 
is horizontal. The accuracy rating of 
an indicating instrument applies only 
when it is used in the normal position. 

Accuracy Rating. The accuracy rat- 
ing classifies an instrument in terms of 
accuracy; it states the maximum error 
allowable in a new instrument under 
certain specified conditions, The accu- 
racy usually is expressed in percentage, 
as 0.5 percent; and “percent” always 
refers to the total scale length. For in- 
struments with the zero not at one end 
of the scale, the scale length is the sum 
of the end scale values to the right and 
ieft of the zero. This accuracy rating 
in terms of total scale length is defined 
somewhat differently for uniform scales 
and for nonuniform scales. The indi- 
cation of a 0.5-percent ammeter having 
a uniformly-divided 100-division scale 
and a range of 1 aimpere should be 
within 0.5 scale division or 0.005 am- 
pere (equivalent to 0.5 percent of the 
scale length) of the correct pointer 
position anywhere on the scale. A 0.5- 
percent instrument having the same 
range and number of scale divisions 
but with a nonlinear scale should indi- 
cate within 0.5 scale division or 0.005 
ampere the correct pointer position on 
all the scale divisions that are % or 
more of the width they would have if 
the scale were uniform. This would al- 
low a maximum difference of 0.33 per- 
cent of the scale length between the 
actual pointer location and the correct 
position for the divisions that are % 
the width of a division of a corres- 
ponding uniform scale. This same tol- 
erance of 0.33 percent of the total scale 
length also applies (for a 0.5-percent 
instrument) to all the scale divisions 
less than % the width of those in a 
uniformly-divided scale, making the 
permissible error in percentage of the 
electrical full-scale range larger than 
the percentage accuracy rating of the 
instrument for any portion of the scale 
in which the width of a scale division 
is less than % the width of a division 
of an equivalent uniformly divided 
scale. If an instrument has a scale 
that is seriously crowded over a por- 
tion of its length, the actual permis- 
sible error on that part of the scale 
will be considerably greater than is 
apparent from the accuracy rating of 
the instrument. 

The actual accuracy may be some 
what better than the rated accuracy, 
but neither the actual nor the rated 
accuracy includes the reading error 
resulting from estimating the position 
of the pointer when not exactly over a 
scale division line. The reading error 
alone will make the working accuracy 
from 0.1 percent to perhaps 0.25 per 
cent poorer than the anticipated accu- 
racy. The magnitude of the reading 
error will depend on the length of the 
scale divisions, the observer and other 
factors. 


Factors Affecting Accuracy. In addi- 
tion to the position influence already 
mentioned, other factors which may in 
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crease the error to a value greater than 
indicated by the accuracy rating are 
(1) the external temperature, (2) the 
internal heating and other effects of 
sustained operation, (3) external mag- 
netic fields and (4) the location of 
magnetic materials near the instru- 
ment. Some instruments (other than 
voltmeters) having voltage circuits 
may be influenced by a change in volt- 
age; others (excepting frequency met- 
ers) may be influenced by frequency; 
and still others (wattmeters and var- 
meters) may have their accuracy in- 
fluenced by the power factor of the 
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Fig. 2. Deflection of pointer of permanent- 
magnet moving-coil instrument ix caused by 
interaction of fields. 
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circuit. Interelement influence usually 
is present in such instruments as poly- 
phase wattmeters. 

If the value being measured is vary- 
ing in magnitude sufficiently to cause 
the instrument pointer to fluctuate per- 
ceptibly, it is impossible to assign a 
definite value to the reading or to the 
accuracy with which it is known. 


The accepted definitions of accuracy rating 
and of the various influences affecting accuracy, 
also of many other terms relating to indicating 
instruments, will be found in the ‘American 
Standard for Electrical Indicating Instruments, 
©39.1-1951" published by the American Stand- 
ards Association. 
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Fig. 3. Unshunted microammeter or milli- 


ammeter. 


Resetting the pointer on zero does 
not always insure that an instrument 
will read correctly. An off-zero pointer 
is frequently an indication of damage. 

Single-range vs Multirange Indicat- 
ing Instruments. There is seldom need 
for other than single-range panel or 
switchboard instruments, as each one 
usually is connected permanently in 
a circuit. But with portable and test 
instruments, the total cost of covering 
the required range of measurement is 
reduced and fewer separate instruments 
are required if multirange instruments 
are used. Maximum economy and con- 
venience, however, probably will not 
result from the selection of the smallest 
number of instruments with each hav- 
ing the maximum possible number of 
ranges. Double- or triple-range instru- 
ments frequently will be most adapt- 
able for general use. Range ratios of 
1:2, 1:2.5 or 1:5 usually are best for 
double-range instruments and 1:2:4, 
1:2:5, 1:2.6:5 or 1:2.5:10 ratios are 
generally preferred for triple-range in- 
struments. With these ratios, the over- 
lap is sufficient to permit good measure- 
ments to be made anywhere between 
25 percent of the lowest range and the 
limit of the highest range. 

TYPES OF INSTRUMENTS 

Polarized lron-vane Mechanism. The 
polarized iron-vane (or moving-mag- 
net) mechanism is used only in small, 
relatively inexpensive d-c. instruments. 
The polarized vane (permanent mag- 
net), making up the moving system 
with the shaft and pointer, aligns itself 
with the field of the stationary con- 
trol magnet when there is no current 
in the coil. Current in the coil estab- 
lishes a second magnetic field varying 
with the current and displaced in direc- 
tion from the control field. The direec- 
tion of the resultant field thus varies 
with the current in the coil. The polar- 
ized vane will align itself with the re- 
sultant field, causing the deflection of 
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Fig. Multirange microammeter, milliam- 


meter, or ammeter. 


the pointer to vary with boti the mag- 
nitude and direction of the current in 
the coil. 

Permanent-magnet Moving-coil Mech- 
anism. The basic permanent-magnet 
moving-coil mechanism shown in Fig. 
1, frequently in modified form, is utu- 
ized in all but the most inexpensive d-c. 
instruments, and in all a-c. thermo- 
couple and rectifier instruments and 
vacuum-tube voitmeters. The usual 
scale are is about 90 degrees. To ob- 
tain a longer scale without increasing 
the panel area required, circular or 
concentric-scale instruments have be- 
come available in which the scale arc 
is about 270 degrees. 

The operation of the permanent- 
magnet moving-coil instrument depends 
on the interaction of the current in 
the moving coil and the field in the air 
gap maintained by the permanent mag- 
net. A conductor carrying current 
across a magnetic field will have a force 
exerted on it in a direction toward 
the side of the conductor where the 
field produced by the current and the 
main field are in opposite directions, 
as shown in Fig. 2. The resulting 
torque tending to rotate the coil is di- 
rectly proportional to the current in 
the coil. The springs provide a re- 
storing torque proportional to the angle 
of deflection, so the coil will turn 
through an angle proportional to the 
current before opposing torques balance 
and the moving system comes to 
rest. By the use of a pointer attached 
to the coil and a fixed scale properly 
calibrated, this mechanism can be used 
to measure current or any variable that 
can be converted into a proportional 
current. It is the most sensitive elec- 
trical indicating mechanism. The most 
sensitive double-pivoted mechanism 
available requires less than 0.1 micro- 
watt for full-scale deflection. 

The circuit of an unshunted micro- 
ammeter or milliammeter, in which the 


Fig. 4. Millivoltmeter or voltmeter. A, single range (left); B, multirange (right). 


Calibrated 


Fig. 6. Millivoltmeter, calibrated leads, and 
external 4-terminal shunt for measuring current. 


total current to be measured passes 
through the moving coil, is given in Fig. 
3. The addition of a series resistor, as 
shown in Fig. 4, converts the instru- 
ment into a millivoltmeter or voltmeter. 
The further addition of a parallel re 
sistor, called a shunt, to a millivolt- 
meter, as shown in Fig. 5, increases the 
range of the unshunted instrument 
and converts the microammeter or milli 
ammeter into an ammeter. The com 
bination of a millivoltmeter (Fig. 4a) 
with calibrated leads and an external 
4-terminal shunt, as shown in Fig. 6, 
is used to make up ammeters of any 
required range up to several thousand 
amperes. Data on the most sensitive 
full scale ranges and corresponding loss 
requirements are given in Table I. 

The Moving-iron Mechanism. Most 
a-c. voltmeters and ammeters for use 
at power frequencies utilize a moving- 
iron mechanism, which is available in 
several forms. One is the inclined coil 
and vane mechanism, although most 
moving-iron instruments utilize a_ re- 
pulsion mechanism consisting of onc 
fixed and one moving vane magnetized 
by one coil. The vanes repel each othe 
when so magnetized in accordance with 
magnetic principles. One repulsion 
mechanism that is generally used has 


Fig. 7. 
mechanism. 


Radial-vane moving-iron repulsion 
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concentric vanes which can be shaped 
to give special seale characteristics. 
Recent improvement in magnetic mate- 
rials has been one factor in the devel- 
opment of the radial-vane repulsion 
mechanism illustrated in Fig. 7. An 
advantage of this type is the almost 
uniform scale. All these instruments 
will have scales about 90 deg. in length. 
On circular-scale switchboard instru- 
ments having 240-deg. scales, a com- 
bination repulsion and attraction mech- 
anism is used to obtain the long scale. 

A resistor is connected in series with 
the instrument coil to make a _ voit- 
meter, the same as for a d-c. voltmeter, 
except that in the moving-iron instru- 
ment the coil is stationary and no 
electrical connection to the moving 
element through the spring is necessary. 
The coil of some moving-iron ammeters 
may be wound for currents as large as 
500 amp., although ranges greater than 
5 amp. frequently are obtained with 
b-amp. instruments and current trans- 
formers. Data on the most sensitive 
full-scale ranges of moving-iron instru- 
ments and corresponding loss values 
are given in Table II. 

The most sensitive moving-iron in- 
strument requires about 0.15 watt for 
full scale deflection. This is about 
1,500,000 times the power required for 
the most sensitive d-c. instrument and 
explains some of the difficulties en- 
countered in attempting to make meas- 
urements of small alternating currents 
or voltages. 

The Electrodynamic Mechanism. This 
is perhaps the most versatile and im- 
portant type of a-c. instrument mech- 
anism, Electrodynamic voitmeters, am- 
meters and wattmeters serve both as 
transfer standards calibrated on direct 
current and used on alternating cur- 
rent to calibrate other instruments and 
to make precision a-c. measurements at 
power and low-audio frequencies. Refer- 
ence here is to the air-core mechanism. 
The arrangement of the basic parts of 
an electrodynamic mechanism is shown 
in Fig. 8. 

Connecting the fixed and moving 
coils in series adapts the mechanism 
to the measurement of currents of the 
order of several milliamperes. The ad- 
dition of a series resistor adapts the 
mechanism to the measurement of volt- 
age. The addition of both a shunt re- 
sistor in parallel with the moving-coil 
circuit and a resistor in series with the 
moving coil makes possible ammeter 
ranges up to several amperes. 

Except for the induction and thermal 
types, wattmeters for the measurement 
of power utilize the electrodynamic 
principle. The field winding of. Fig. 8 
becomes the current coil and the arma- 
ture winding becomes the potential coil 
which is connected in series with a re- 
sistor to make up the potential circuit. 
Wattmeter and other instrument con- 
nections will be considered in later 
sections. Data on the most sensitive 
full-scale ranges and corresponding loss 
values are given in Table II. 

The most sensitive double-pivoted 
electrodynamic mechanism requires 
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Fig. 8. Components of electrodynamic mechan- 
ism. Current in fixed coils (labeled field wind- 
ing) provides the flux with which the current 
in the moving coil (labeled armature winding) 
reacts to develop torque in the same manner as 
explained for the permanent-magnet moving- 
coil mechanism. If the currents in both the fixed 
and moving coils are reversed, the torque re- 
mains in the same direction as before, making it 
possible to use this mechanism for a-c. measure- 
ments. As torque is proportional to the average 
of the product of the currents in the fixed and 
moving coils, this mechanism measures effective 
(rms) values of a. c. 


about 0.4 watt for full-scale deflection, 
which is 4,000,000 times the power re- 
quired for a sensitive d-c. mechanism 
of comparable accuracy. An iron-core 
electrodynamometer is more sensitive 
but less accurate than the one utilizing 
an air core and is used in some switch- 
board and small voltmeters and watt- 
meters. 

Rectifier Instruments. These consist 
of a permanent-magnet moving-coil d-c. 
mechanism combined with a dry-type 
rectifier and resistance network and are 
the most sensitive a-c. instruments for 
measuring current and voltage. A 
bridge-type full-wave rectifier may be 
used and it is connected as shown in 
Fig. 9. The basic instrument is a milli- 
ammeter or microammeter, series re 
sistors being used to increase the 
voltage range and shunts or a current 
transformer to obtain higher current 
ranges. Lowest voltage ranges are lim- 
ited by the nonlinear resistance char- 
acteristics of the rectifier, but milli- 
voltmeter ranges may be obtained by 
using a step-up potential transformer 
to multiply the voltage actually im- 
pressed on the rectifier and instrument. 

The deflection is proportional to the 
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Fig. 9. Schematic diagram and principle of 
operation of rectifier voltmeter. 
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Fig. 10. Schematic diagram of induction am- 
meter circuit and parts. The shifting magnetic 
field required for operation is supplied by mag- 
netic circuit design and phase shifter which 
couples the two driving coils. Eddy currents 
induced in the disk by the changing flux react 
with the flux to develop torque on disk in direc- 
tion that field advances. Disk rotates until torque 
is balanced by control spring. 


or voltage but the 
instrument is scaled to read effective 
(rms) values, so will read correctly 
(within rated accuracy) only on sine 
waves, which have a form factor (ratio 
of effective to average value) of 1.11. 
Readings will be high on flat-topped 
waves (11 percent on a square wave, 
which has a form factor of 1.0) and 
low on peaked waves by the amount the 
form factor of the measured wave is 
less or more than 1.11. Data on the 
most sensitive full-scale ranges and 
corresponding loss values are given in 
Table II. 

Induction Instruments. Although 
many are still in use, induction volt- 
meters, ammeters, wattmeters and fre- 
quency meters have been rather gen- 
erally superseded by other types. As 
applied in a-c. ammeters, the principle 
of operation is illustrated schematically 
in Fig. 10. Induction instruments will 
not operate on direct current and the 
voltmeters, ammeters and wattmeters 
must be calibrated and used at the same 
frequency or a correction applied. An 
ammeter or wattmeter current coil 
would be undamaged by connection to 
a d-c. circuit if not overloaded, but a 
voltmeter or wattmeter potential coil 
would burn out quickly. 

The principal advantage is the long 
scale that is possible, theoretically a full 
360 degrees. The principal disadvan- 
tages are the inherent frequency error 
(of all but the frequency meter), which 
cannot be compensated for, and the 
temperature error, which is difficult to 
compensate for. 


average current 


Vacuum-tube Voltmeters. The cali- 
bration of these instruments may not 
be stable and their accuracy is less 
than most indicating instruments, with 
the possible exception of rectifier in- 
struments. They usually are scaled to 
read in effective (rms) values, so will 
be within normal accuracy limits only 
on sine waves. 

Thermocouple Instruments. A perm- 
anent-magnet moving-coil instrument is 
used with a thermocouple-heater ele- 
ment to measure current, as shown in 
Fig. 11. Only the heater is in the elec- 
tric circuit in which the measurement 
is made. The heating produced by the 
I?R power in the heater raises the 
temperature of the thermocouple junc- 
tion in contact with the heater above 
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(d) Calibration usually dependent on whether 
mounted on magnetic or nonmagnetic panel. 
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local field, 

(f) Corrections for ambient temperature, 
self-heating and external fields frequently neces- 
sary to achieve nominal accuracy. 

(g) low instrument 
calibration ef d-c, millivoltmeters and ammeters 
with separate shunts and low-range a-c. volt 
meters is affected by lead resistance so these 
instruments should be calibrated and used with 
the same leads. 
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Fig. 11. Schematic diagram of thermocouple 


ammeter. 


that of the other junction. This differ- 
ence in temperature results in different 
thermal emf’s at the two junctions and 
establishes current in the closed instru- 
ment circuit that is proportional to the 
temperature difference. The resultant 
instrument defic<tion is proportional to 
the square of the effective value of 
current in the heater, by proper 
calibration the readings will be in 
effective (rms) values, regardless of 
the wave-form of the current in the 
heater. 

Adding a resistor in series with the 
heater makes it possible to measure 
voltages. The upper frequency limit 
for which good accuracy can be main- 
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direct 
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current 
and 25 
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compensated to 
(2500 
1000 


limited to direct 
readings) 
compensated 
may be 


unless 
Voltmeters 
2500 eycles, ammeters to 1000 
with reduced accuracy), wattmeters to 
cycles (except less for low potential ranges) or 
with reduced accuracy. 
limited to 25 to about 
milliammeters and 
500 cycles, compensated. 
(with increase in loss) to 1000 
times possible or to 2500 cycles (with reduced 
accuracy). 

(m) Usually limited to 
(15000 in some cases). 
tained for thermocouple voltmeters is 
determined by the characteristics of the 
series resistor and usually will be ap- 
proximately 15 or 20 kilocycles. 

The most sensitive thermocouple mil- 
liammeters require about 2.5 milliwatts 
for full-scale deflection, which is about 
25,000 times the power required for 
the most sensitive d-c. instrument of 
comparable accuracy. A minimum of 
about 10 milliwatts is required for a 
thermocouple voltmeter. Sensitivity 
data are given in Table II. 

Electrostatic Instruments. These are 
the only instruments that are directly 
voltage sensitive and do not depend on 
a current for their operation. Although 
electrostatic instruments are used for 
other measurements also, voltmeters are 
the most common form. They consist 
essentially of two sets of plates as 
shown schematically in Fig. i2, one 
movable and one fixed as in a variable 
capacitor, with the moving system of 
very light construction. The voltage 
to be measured is applied between the 
plates, which will acquire a charge 
that is proportional to the potential 
difference or voltage. As the charge will 
be of opposite sign at any instant, there 
will be a force of attraction between 
the plates. This force will cause the 
movable plates and pointer to move 
until the deflecting force is balanced 
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accuracy. 


o) Usually 
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(p) Measure effective 
of wave form, with 
Pointer deflection proportional to average 
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values. Within nominal accuracy only on sine 
waves, Usually limited to 20000 cycles or less 
but some may be used to 100 ke. 


values, regard 
error, 
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(w) Loss of a current circuit is voltage drop 
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POINTER 
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Fig. 12. Early electrostatic mechanism de 
veloped by Lord Kelvin about 1857. Some of 
similar construction are still in use. 


by a spring or other restoring force. 


Because the deflecting force is pro- 
portional to the square of the voltage 
between the plates, these instruments 
will measure effective (rms) voltages. 
For a-c. measurements, the charging 
current will vary directly with the 
frequency and will become appreciable 
at radio frequencies. The advantages 
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of electrostatic instruments are greatest 
on direct current and at power fre- 
quencies, because of the negligible cur- 
rent requirements, particularly for high 
voltage applications. 

Power Factor Meters. Instead of the 
power, it frequently is desirable to 
know the power factor, which is the 
ratio of true power (watts) to ap- 
parent power (volt-amperes) in an a-c. 
circuit. Power factor meters of the 
electrodynamic type, similar to watt- 
meters, but with two moving coils 
(displaced about 90 deg.) instead of 
only one, may be used (with appropri- 
ate connections) on either single-phase 
or three-phase circuits. Another type 
of power factor meter utilizes a polar- 
ized-vane mechanism. Power factor 
meters, like wattmeters, have both po- 
tential and current circuits. Single- 
phase instruments are adjusted for a 
single fixed frequency only and their 
indications will be in error at other 
than the normal frequency. Three- 
phase instruments are free of the fre- 
quency error of single-phase instru- 
ments but will indicate correctly only 
on balanced systems. 

Synchroscopes. By changes in con- 
struction and connections, the crossed- 
coil electrodynamometer or the polar- 
ized-vane mechanism may be utilized 
in synchroscopes, which are instru- 
ments used to indicate when two a-c. 
circuits or machines are in phase so 
they may be paralleled. There are other 
types of synchroscope mechanisms also. 
Unlike other instruments, the moving 
element of a synchroscope is free to 
rotate continuously, thus indicating a 
difference in frequency. Synchroscopes 
have two potential circuits only. One 
is connected to the system and the 
other to the incoming unit that is to 
be synchronized. 

Frequency Meters. Several types of 
instruments are used to measure fre- 
quency (the number of cycles per sec- 
ond in an a-c. circuit): the vibrating- 
reed type, the crossed-coil iron-vane 
ratio type, the resonant-circuit electro- 
dynamometer type or the induction 
type. They are operated by a potential 
circuit when connected to a line of 
suitable voltage. 


MISCELLANEOUS INSTRUMENTS AND 
METERS 

Recorders. A great variety of record- 
ers is available, some with round charts 
for making daily records and others 
with strip charts for making continuous 
records over long periods. Some charts 
are drawn with ink, on others an ink- 
less record is made. Permanent-magnet 
moving-coil, moving-iron and _ electro- 
dynamic mechanisms similar to but 
larger than those in indicating instru- 
ments are used in recorders, which 
require more power for operation than 
is needed in indicating instruments. 
Amplifiers are available to permit the 
recording of variables too small to 
permit the operation of a recorder di- 
rectly. Self-balancing potentiometric 
recorders that are also self-standard- 
izing are in general use, some of which 
may make records of several variables 


by measuring each one in succession. 
Self-operating bridge-type recorders are 
also available. Potentiometric, bridge- 


type and photoelectric recorders require 
little power from the circuit in which 
the measurement is made, so may be 
adapted to many special applications. 


Oscillographs. These may be divided 
into direct-writing, magnetic and cath- 
ode-ray types. Direct-writing oscillo- 
graphs utilize a powerful galvanometer 
to drive the pen that traces the wave, 
so usually include an amplifier to pro- 
vide the power that is needed and are 
limited to low frequencies. Magnetic 
oscillographs utilize light beam gal- 
vanometers and may be used to record 
waves of voltage, current or power up 
to frequencies of a few thousand cycles 
per second. Multi-channel direct-writ- 
ing and magnetic oscillographs are 
available, permitting several traces to 
be recorded simultaneously. Cathode- 
ray oscillographs are perhaps the most 
versatile of all and will operate over 
a wide frequency range, some up to 
very high frequencies in the megacycle 
range. Usually, only a single trace 
can be viewed or recorded. As is true 
of all instruments, these can not be 
relied upon to operate indefinitely with- 
out care and maintenance. 

Instrument Transformers. Current 
transformers permit the use of instru- 
ment current circuits rated at 5 amp. 
(sometimes 1 amp.) for making meas- 
urements involving larger a-c. currents 
and also insulate the instrument cir- 
cuit from the other, which often is at a 
high voltage. Similarly, potential trans- 
formers are used to permit 150-volt 
instrument potential circuits to be used 
in all cases where the voltage is over 
750 volts and also insulate the instru- 
ment circuit from the other. (Resist- 
ance multipliers may be used below 750 
volts.) As the secondary circuits of 
instrument transformers are normally 
grounded, the primary insulation should 
be tested before use to insure that the 
transformer will not ground the pri- 
mary circuit. The primary and second- 
ary terminals of instrument transform- 
ers are marked to indicate their relative 
polarity and the instruments are con- 
nected in the secondary circuit in the 
same way that the transformer pri- 
maries are connected in the power cir- 
cuit to maintain the correct relative 
polarities between the primary and sec- 
ondary circuits. 

The ratio of instrument transformer 
primary to secondary values does not 
remain constant for all conditions, but 
deviates sufficiently from the nominal 
ratio to affect some voitage and current 
measurements. This error is corrected 
for by multiplying the instrument read- 
ing by the nominal transformer ratio 
(primary to secondary voltage or cur- 
rent) and by the ratio correction factor 
(RCF) for the transformer determined 
by calibration for the particular con- 
ditions involved. 

The secondary current or voltage of 
an instrument transformer is displaced 
slightly in phase from the correspond- 
ing primary value and this displace- 


ment is called the phase angle of the 
transformer. This phase angle is de- 
termined by calibration and, although 
small, introduces an additional error 
in power and other measurements in- 
volving both current and potential cir- 
cuits and may have to be corrected for, 
particularly when the power factor is 
low. 

The secondary circuit of a current 
transformer should never be opened 
when there is current in the primary. 
The secondary should be short circuited 
before removing instrument or other 
connections and left short circuited 
until after normal connections are re- 
stored. 

Watthour and Reactive Volt-ampere 
hour Meters. As most electric energy 
is metered in a-c. circuits, the induc- 
tion watthour meter is the type in 
greatest use. The construction is similar 
to that of the induction instrument in 
Fig. 10, with the connections changed 
to those of a wattmeter, except that 
the disk may rotate continuously. The 
disk drives a register whose reading 
is proportional to the total number of 
revolutions of the disk. As the disk 
makes one revolution each time a given 
amount of energy is supplied to the 
load side of the meter, the register 
reading multiplied by an appropriate 
constant shows the total energy sup- 
plied and the difference between the 
present and previous readings is the 
energy supplied since the previous read- 
ing. All electric energy bills are rend- 
ered on the basis of these meter 
readings, but some may also take othe 
factors into account. 

If the voltage impressed on the watt- 
hour meter potential circuit is dis- 
placed by 90 deg. from the normal for 
which it will measure electric energy, 
it becomes a reactive volt-ampere hour 
meter and measures the net lagging 
reactive volt-ampere hours supplied to 
a load. The disk will rotate in the nor- 
mal direction for lagging power factor 
and in the reverse direction for leading 
power factor. Special autotransformers 
are used in three-phase circuits to 
provide the displaced voltages needed 
for reactive metering. Metering circuits 
may be very complex so must be set 
up very carefully to insure proper op- 
eration of the meters. 

All energy meters have a light load 
adjustment, primarily to compensate 
for friction, and a heavy load adjust- 
ment to insure accurate registration 
under normal load. Modern meters are 
reasonably free of temperature and 
other influences tnat will appreciably 
affect their registration under the usual 
range of operating conditions. 


INSTRUMENT CONNECTIONS 


General. The internal circuits of 
electrical instruments are basically of 
two types. Voltmeters and the potential 
circuits of other instruments are of 
relatively high resistance or impedance 
and are to be connected between the 
lines or across a circuit element be- 
tween the points where the voltage 
exists that is to he measured or is 
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Fig. 13a. Voltmeter and instrument potential- 
cirenit connection. To read line voltage, connect 
one of the terminals to one line and the other 
terminal to the other line. 










































































Fig. 13b. Voltmeter and instrument potential- 
cireuit connection. To read the voltage of cir- 
cult element “X," connect one instrument ter- 
minal to one terminal of “X" or to one of the 
connections between “X" and the first junction 
with other leads. Connect the other terminal of 
the instrument to the second terminal of “X” or 
te the connection between that terminal of “X” 
and the nearest junction with other leads. 


involved in the measurement, as shown 
in Fig. 13. The voltage applied to the 
instrument must not exceed the rating 
of the potential circuit or it will be 
overheated and damaged. Ammeters 
and the current circuits of other in- 
struments are of relatively low im- 
pedance or resistance and are to be 
connected in a line wire or lead to a 
circuit element in which the current 
exists that is to be measured or is 
involved in a measurement, as shown 
in Fig. 14. The current must not be 
greater than the current rating or the 
circuit will be overheated and damaged. 

The polarity of the terminals of d-c. 
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Fig. Ida. Ammeter and instrument § current- 
circuit connection. To read current in line, break 
the line (with the power disconnected) and in- 
cert instrument in series with the line. 




































































Fig. 14b. Ammeter and instrument current- 
circuit connection. To read current in circuit 
element “X,” break one of the connections be- 
tween “X" and the first junction with other 
leads and insert instrament in series with “X.” 


instruments usually is marked and must 
be observed when connecting these in- 
struments in a circuit. The + terminal 
of a d-c. voltmeter and of a d-c. am- 
meter must be connected to the + line 
so the direction of current through 
the instrument will be from + to — for 
the pointer to deflect upscale. There is 
no polarity reference for a-c. volt- 
meters and ammeters but the relative 
polarity of the current and potential 
circuits of instruments having both 
must be correct for the instruments to 
cperate properly. 

Wattmeter Connections. The watt- 
meter potential terminal connecting to 
the resistance in the potential circuit 
should connect to the line on the side of 
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Fig. 15a. Wattmeter connection on 


line side of current coil. 


potential 
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Fig. 15b. Wattmeter potential connection on 


load side of current coil. 


the load away from the wattmeter 
current coil The other potential ter- 
minal, connecting to the moving coil 
and usually marked +, should connect 
to the line in which the current coil 
is connected. This will insure that there 
is no difference in potential between 
the two coils in the instrument. If the 
potential connections were reversed, 
the potential and current coils would 
differ in potential by the line voltage 
and this might cause considerable error 
in the reading. The current coil should 
be connected so the pointer deflects 
upscale. If one terminal is marked =, 
it usually will be connected %o the line. 
Wattmeters may be connected in either 
of the ways shown in Fig. 15. If the 
load is small, the power loss in the 
wattmeter current coil should be sub- 
tracted from the reading for the con- 
nection shown in (a) or the power 
loss in the wattmeter potential circuit 
subtracted from the reading for the 
connection shown in (b) to obtain the 
actual power in the load. 

Connections for two wattmeters or 
a two-element polyphase wattmeter in 
a three-wire circuit are as shown in 
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Fig. 16. Connection of two wattmeters or a 
two-element wattmeter in a three-wire circuit. 


Fig. 16. The current coiis of the two 
element wattmeter should be connected 
so each element will deflect the pointer 
upscale when that element alone is 
connected in a two-wire circuit as 
shown ‘in Fig. 15. This will insure that 
the wattmeter is correctly connected in 
the three-wire circuit. If separate watt- 
meters are used, one of them may read 
negative (even on a balanced three- 
phase load), so the actual power is the 
difference between the readings of the 
two instruments instead of their sum. 
A full explanation cannot be given 
here, but no one should attempt to 
measure the power in a three-wire (or 
feur-wire) circuit who does not under- 
stand how to make the connections and 
check the signs of the wattmeter read- 
ings. 


INSTRUMENT CHECKING 


Why Checking Is Necessary. Some 
new instruments may not meet accu- 
racy rating or other specifications. 
Furthermore, accuracy is not a fixed 
characteristic. The only way to insure 
that instruments are and remain accu- 
rate is by initial and subsequent peri- 
odie checking. The successive steps in- 
volved in maintaining the instruments 
and standards necessary for checking 
test and service instruments ultimately 
refer all electrical measurements made 
in the United States to the standards 
of voltage, resistance, etc., maintained 
at the National Bureau of Standards 
in Washington, D. C. 


Electrical Units and Standards. The 
name and size of the electrical units 
was changed on January 1, 1948, when 
the International Units previously used 
were replaced by the Absolute Units. 
Although this change will have no ap- 
preciable effect on most electrical 
measurements, it is of concern in con- 
nection with accurate measurements 
and the checking of high-accuracy in- 
struments. The equivalent values of the 


TABLE III 

Equivalent of 1 
Abs. Unit Expressed 
in Corresponding 
International Unit 


Equivalent of 1 

Unit Ex 

Corres- 
Unit 


Unit 

pressed in 

ponding Abs 
1.000495 
1.000880 
0.999835 
0 99908385 


Ohm 0.999505 
Volt 0.999670 
Ampere 1.000165 
Coulomb 1.000165 
Farad 0.999505 
Watt 0.999835 


Joule 1 .999R35 


1.000495 
1000165 


1000165 
Values given in International Units may be ex 
pressed in corresponding Absolute Units by 
multiplying by the appropriate factor in the left 
Absolu‘e Units 
Units by 
the 


those given in 
International 


factor in 


hand column 
may be expressed in 
multiplying by the 
right-hand column 


appropriate 





International and Absolute Units in 
terms of each other are given in Table 
III. All measurements now normally 
will be made in absolute units, but care 
must be used in accurate work to make 
clear and certain which units are used. 

Requirements for Checking Instru- 
ments. Adequate reference instruments 
and standards, trained personnel, 
steady a-c. and d-c. power supplies and 
suitable circuit controls permitting fine 
adjustment of values are essential. All 
instruments should be in good operat- 
ing condition and without evidence of 
friction or sticking. The pointer should 
be carefully set on zero and the moving 
element known to be balanced before 
attempting to check an instrument. 

Suggested standards for checking 
various instruments are listed in Table 
Paes 

Instrument potential circuits are 
connected in parallel and current cir- 
cuits in series for calibration. A low- 
voltage current circuit usually is pref- 
erable in order to minimize power re- 
quirements. The current circuit may 
be, and sometimes should be, isolated 
from the potential circuit. 


REGULATORS 

Regulators maintain a voltage or cur- 
rent practically constant under all load 
and circuit conditions within their 
range of control. Voltage stabilizers 
maintain constant effective (rms) out- 
put voltage within about +1 percent or 
less to a fixed load for a specified range 
of input voltage, usually about +15 
percent. Fig. 17 shows a typical stabil- 
izer circuit. They will not maintain 
constant output voltage with change 
in load or output power factor, the 
voltage change amounting to 1 to 3 
percent at unity and 5 percent or more 
at 0.8 power factor. The output voltage 
is frequency sensitive, changing 1 to 
2 percent for each percent change in 
frequency. A disadvantage for some 
applications is the 5 to 20 percent 
harmonic content of the output voltage. 
Several seconds may be required to 
stabilize the output after a sudden 
change in load or input voltage. 

Electronic voltage stabilizers and reg- 
ulators will maintain output voltage 
constant after an initial warm-up pe- 
riod of about 30 minutes within +1 
percent or less for about +15 percent 
change in input voltage with change 
in both load and output power factor, 
but not always over the entire name- 
plate range. Stabilization may be better 
than the regulation. Harmonie content 
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Fig. 17. 
stabilizer. 


Schematic circuit of typical voltage 


TABLE IV—STANDARDS FOR CHECKING — 
~ Imatrument to be Checked 

Nominal 
Percent 


A ccuracy 


Type or Rind 


Vm, 


Vm, 


Vae cuum- tube 


Vacuum -tube 
Rectifier (a) 
Mag 
Fle ctrody namometer, 
Moving 
Rectifier 


Perm 4 Moving coil 
“Electro- 
Ther 


Stati g), iron, 


mocouple or 


Perm.-mag. Moving-coil 
Elec trody namometer, 
static (g), Thermocouple 
Moving iron 


Electro 


0.75 to l or 


rm.-mag. Moving-coil 
Flee xetrodys namomete r, Thermo- 


couple or Moving iron 


2 ~ Blee- 
Mov- 


Perm,-mag Moving- r-coil, 
trodynamometer 
ing-iron (¢) 


0.2 to 0.3 


(c) or 


‘Per m, mag. Mov ing cou or 


Flee trod namometer (¢) 


Current Transformers 


High Std. Current Transformer 

Potential Transformers 
Std. Potential 
Transformers 


High 
~Watthour Meters 

a ~Watthour Meter” 
Standard 


“or Rotating — 


Ohecked 


A.C. 


“A.C 
“A.C 
or 


and 


INSTRUMENTS _ 


Stan lard 


_ELECTRICAI, METERS 

Re eae Inatrume nt a aS 
Minimum 
Percent 


{ecuracy 


Type or Kind 


Perm.-mag _Moving-coil 


Flee trody hamometer, 
iron or Thermocouple 


Moving 
Perm,-mag. Moving-coil 
Klectrodynamometer, Thermo 

couple or Moving-iron 


Perm,-mag. Moving-coil 


Electrodynamometer 


Perm.-mag, Moving-coil (b) 


Electrody namometer 


Deflection Potentiometer 


(b, h) 
Null 
Null 


0.05 to O.1 
(h) 0.06 


(h) 


Potentiometer 0.02 to 


Potentiometer 0.02 to 0.06 


Std. Current Trans. and Sils 


hee C. T. Test Set 
Primary ©, T. Testing Appa 
ratus (d) 


“Std. Pot Trans. al 
Trans, Test Set 


Primar y ?P ot. Ts 
Testing Apparatus 


Rotating Standard (e) 


and Pot 
Trans 
(d) 


Wattmeter (f) (Wm) 


D.C 


(a) These instruments subject to large wave 
form errors so must be checked on sine wave 
alternating current. Wave form for checking 
all a-c. instruments should be sine wave, 

(b) It usually is unnecessary to have both 0.1 
percent laboratory standard d-c. instruments and 
deflection potentiometers. The deflection poten- 
tiometer is to be preferred for general use. 

(c) The average of direct and reversed pol- 
arity readings should be used when checking 
these insiruments on direct current, 

(d) Primary apparatus for testing standard 
current and potential transformers available only 
at the National Bureau of Standards and pos 
sibly a few other laboratories. 


added usually is less than 3 percent. 
Some recover from a change in load 
or input voltage within 0.25 second, 
others may require almost a_ second. 
Tube replacement may increase the out- 
put voltage variation or make readjust- 
ments necessary. 

Induction regulators are a_ special 
type of autotransformer with one sta- 
tionary and one rotatable winding ar- 
ranged so the latter can be held in any 
position. The primary portion of the 
winding is connected across the line 
and the secondary in series with the 
load. In the single-phase regulator, the 
direction (add or subtract) and magni- 
tude of the secondary voltage are de- 
termined by the rotor positicn. In the 
three-phase type, the secondary voltage 
is constant but the angle at which it 
adds to the input voltage is varied to 
control the output voltage, thus produc- 
ing a phase shift of the output voltage 
as well as a change in magnitude. 
Step-voltage regulators consist of a 
fixed-coil autotransformer with taps on 
the secondary to change the output 
voltage in fixed steps, with a motor- 
driven tap changer arranged so the 
taps can be changed under load. Table 
V gives some data on these regulators. 


(e) Device also required for starting standard 


at beginning and stopping standard at end of 


test interval. 
(f) 
(g) Potential 

kilovolt ranges. 


Precision timing device also required 


transformer also required for 


(h) The checking of potentiometers involves 
high precision comparison and measurement 
of resistance and cannot be covered here, nor 
can the checking of standard cells. These 
checks can be made in a few adequately equipped 
at the National Bureau of Stand- 


the 


laboratories or 
ards 


Constant-current regulators are of 
two types. Constant-current transform- 
ers are special shell-type transformers 
with one fixed coil, the other being 
movable in a vertical direction and 
partially counterweighted so the re- 
pulsion force between the coils at the 
desired secondary current value pro- 
vides the additional force necessary to 
maintain equilibrium. The secondary 
current is maintained constant for 
values of load impedance below the 
maximum specified for a given regu- 
lator, but the minimum sustained load 
usually is not less than about 50 per- 
cent of this value. Static constant-cur- 
rent regulator, are a resonant network 
consisting of two inductors and two 


Constant 
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a a 
Fig 18. Static constant-current regulator. 





Type 


Bingle- 
phase 
Induction 
“Bingle- 
or Three- 
phase 
Induction 
Booster 

Step- 
voltage 
Branch 
Feeder 
Single 
or Three 
phase 
Step 
voltage 


Type 


7 Vibrating 
(Tirrill) 


Acting 
Rheostatic 


Indirect 


Acting 
Rheostatic 


Network 


ftilectronic 


fr POWER MEASUREMENTS 
of single-phase or three phase A.C. 


~ [Individual loads Hand 


TABLE V—OIRCUIT VOLTAGE REGULATORS 


Operated 
by 


A pplication 


Control Nus 
of atepe 





or circuits ~~ Motor _ 


Distribution Motor 
Circuits and 
Feeders 


Small capacity 
feeders and 
rural lines 
Motor 


sranch feeders 


Transmission lines Motor 
and high capacity 


distribution ckts 


TABLE VI 


Hand Infi 


Voltage 


Infi 


(one 


Infinite 


Operating ; 
Voltage 

~ 410-220 
110-440 


Size of Range of 
Steps % Control % 


Stepless 


Stepless 


or 


+50 


nite 


+10 


6900 or 
lower 


nite Stepless +10 


fixed, 


1 or 2 


automatic 


Voltage 


Relay 
Voltage 
Relay 


2400-13800 


2400-69000 








A©, or D.C Vibrating relay, 

either a-c or d-c 

A.©, or D.O Control element 

and spring in 
opposition 


Motor for normal 
response, relays 
for quick response 


AG. 


“Amplifier 


Thyratrons 


Control 
Elements 


Voltage 
relay 


Section of field resistance short circuited 
by Voltage fluctuates 
slightly continuously. 


contacts 
Operates 


relay 





Voltage relay 
or 
torque motor 


Resistance element either carbon plates 
or tapped resistance. Operates directly 
in generator or exciter field. No voltage 
fluctuation, Operates only when voltage 
correction necessary 





Voltage 
relay 


Impedance 
Network 


Diff. between 
ref. and out- 
put voltage 


Varies resistance in generator or exciter 
field by Has both 
normal and quick-response features. 
Holds voltage steady and operates only 
necessary 


motor and relays. 


when correction is 


Uses one linear and one nonlinear im 
pedance. Difference current reverses and 
is zero at normal voltage and controls 
amplifier output 
rator or exciter field 


whose supplies gene 
May supply excitation to generator field, 


exciter field or electronic exciter 


capacitors arranged in a bridge circuit 
with input and output terminals as 
shown in Fig. 18. The impedances of 
the inductors and capacitors are equal 
at the operating frequency. The regu- 
lator supplies constant current to a 
variable high power-factor load between 
specified limits if the input voltage is 
constant. 

There are several types of regulators 
for maintaining constant terminal volt- 
age of a-c. and d-c. generators, as listed 
in Table VI. All are, in effect, ampli- 
fiers as a small change in voltage is 
amplified into the large change in field 
current necessary to restore the voltage 
to normal within the tolerance per- 
mitted. 
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VANCOS METERS 


Here, for the first time in America, 
is on A-C meter offering precision, 
combined with power The Vancos- 
Meter is available in two models, 
the basic meter, type Vancos | in a 
hondsome hordwood case offering 
power measurements to 36 KW and 
type Vancos I! offering the basic 
meter and a pincer type current 
transformer for extending the curren’ 
range to 1500 omps. and 900 k. w, 
The Vancos-Meter offers direct read- 
ing of measured values on ao multi 
ple scale without any subsequent 
calculations of conversion chort 


Complete details on this and 
many other Electrical and 
Electronic Instrument avail 
able on request 


Instruments and Equipment 


By Milton H. Aronson 


Technical Editor, Instruments & Automation 


— 
The first book of its kind 


SPECIFICATIONS 
4 Ranges 
600 V_ A.C, - 
9 Ranges: 0-0.15, 0.3, 0.6, 
1.5, 3, 6, 15, 30, 60 amps 
Factor 
inductive 


Voltage 


Current 


Power 


0-60, 150, 300, 
100 ohms. volt 


0-1 capacitive and 


A Complete home-study TEXT and COURSE, with 458 
multiple-choice home-study test items on basic electronic 
circuitry for instruments, communications, TV, laboratory 
apparatus, and military equipment. (Printed serially in 


(Active & Reactive! 9 watts 

to 36 KW. 

Frequency: 40-50-60 cy. {Single 
phase or three - phase) 

Test Voltage: 3000 Volts 

Size: 9%" « 12%" = 6%" 

Weight: Vancos |, 9 Ibs. Approx. 

Vanceos 11, 12 Ibs. Approx 


Power 


FOR PRECISE MEASURING 

A complete tine of fine precision 
Ammeters, Voltmeters, Waoattmeters, 
Milllommeters, Millivoltmeters, Mi 
croammeters, Shunts, Decade Resist 
ors, Bridges and Multimeters 


For more information circle 13 on inquiry card. 


Instruments as “Instrument Electronics.’’) 


$4.00 Postpaid 


(Payment must accompany order) 


Instruments Publishing Company 

845 Ridge Avenue, 

Pittsburgh 12, Pennsylvania 

Enclosed is $ for copies of Aronson’s 
ELECTRONIC CIRCUITRY BOOK at $4.00 each, post- 
paid. 
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Address 

City 

















Jom PANEL INSTRUMENTS 


SWIFTEM 


TEMPERATURE 
INDICATORS 


Pocket carrying or 
panel instruments 
for temperature | 
applications using | Round Flush 
re ‘““Swiftem”’ 

principle. Ranges: 
minus 50°C to plus 
300°C. A handy six 
ounce tool for the 
refrigeration serv- 
iceman, laboratory 
or photographic 
technician. 





Squore Front Boord 








Squvore Semi-Flush 





Burlington offers a wide selec- 
tion of dependable, tested 
poses meters in metal and 
akelite cases, in ranges to 
sf x er, fit just about every situation— 
8 4 e ' aes hermetically sealed or sealed 
Let Burlinaton simplify nates ruggedized. Illuminated, Rec- 
7 tier and R.F. Thermocouple 
° types available in wide range. Nae 
your selection of VU and DB meters in all case tant D'arson- 
: styles. Write for Catalog NI. val move- 


Burlington custom builds instru- ao Ei 


6 
panel instrument $ Fan Shoped ments to your specifications. Edgowise 


Write for Catalog N-1 Burlington Instrument Company, 155 N. Third St., Burlington, lowa 
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PORTABLE POTENTIOMETERS by GRAY 


E-3042 and E-3043 ACCURATE, 
Double range in M.V. on step WIRE-WOUND 
switch and 220 division slide 
wire scale. Accuracy 0.05% 
or '/2 scale division whichever 


is greater. Wood case. CINEMA resistors 





E-3045-V & E-3045-DV 
Single or double range in M.V. 
on slide wire scale. Manual cold for 
junction compensator 0-! and 


0-5. Useable on either range. INSTRUMENTS 


Accuracy '/4% of full scale. Cinema ceramic 


Wood case. AND COMPUTERS 


bobbin and 





E-3043 


E-3048 T AND E-3048 DT 
Single or double range in degrees F or C for any type thermo- resistors meet 
couple. Automatic cold junction compensation. Accuracy '/4% of = 
full scale. Wood case. military and 
E-3046-V and advanced 
E-3046-DV naa 
Single or double specifications. 


range in M.V. manual Bs = 
cold lunctlon con Write for catalogue 


ope s ic — on your letterhead. 
range. Accuracy '/4% 

of full scale. Metal 

case, 


encapsulated 





E-3046 





DIVISION AEROVOX CORPORATION 


1100 CHESTNUT ST. - BURBANK, CALIF. 


Automatic cold junction compensation. Accuracy '/4%. Metal case. 


SEND FOR OUR BULLETIN E-18 


GRAY INSTRUMENT CO. 


64 W. Johnson St., Philadelphia 44, Pa. 
stior 96 on inquiry card 


E-3046-T and E-3046-D.T. “> 
Single or double range in degrees; F or C. For any thermocouple. <> CINEMA ENGINEERING co. 


























Model BL-254, Four-Channel. Model BL-266, Six-Channel 
Oscillographs for standard rack or bench top console. The 4-channel unit can 
be expanded to six channels to meet your changing requirements. Electrically con- 
trolled chart drive transmission—standard in all multi-channel oscillographs—permits 
instantaneous switching and remote control. Choice of 8 or 16 chart speeds. 
Choice of ink or electric. 





Model BL-274, Portable Four-Channel . Model 

BL-276, 

Portable Oscillographs feature light Portable 
weight and small size; they are self-con- Sin-Chanael. 
tained. Equipped with electrically con- 
trolled chart drive transmission—16 chart 


speeds available. 


156 





Recording Systems 


provide full range 
instrumentation 


Here are complete recording systems—de- 
signed to give you the greatest flexibility 
in measurement problems. For example: 


e A greater range of signals can be recorded 
with optimum resolution than with any 
other direct writing Oscillograph. New 
Brush Oscillographs have the widest chart 
speed range available—from 10” per day to 
10” per second. 

@ The units are designed for physical inter- 
changeability. The 4 and 6-channel Oscillo- 
graphs are mounted in identical chassis. Sys- 
tems can be mounted in standard 19-inch 
racks, or bench top or floor consoles. 

® Coordinated system design means that one 
system Can meet many requirements. You can 
cover the full range of direct writing Oscil- 
lograph application with Brush equipment. 
®@ Accessories available: event markers, tim- 
ing markers and remote control units. 


Amplifiers 
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Model BL-530, rack mounting. 

Brush Amplifiers feature low drift scale 
expansion, choice of single ended or balanced 
inputs. May be operated on a wide range of 
line voltages and frequencies. 





Universal* Amplifier BL-520; 
with Portable Case BL-380. 


New Universal* Amplifier can be used with 
both resintive or inductive transducers. When 
used with Brush Direct Writing Oscillograph, 
permits measurement and direct recording of 
physical phenomena such as strain, stress, 
torque, force, etc. Amplifier includes direct 
coupled section that may be used separately 
for voltage and current measurements. 


Above illustration shows Portable Case for 
use with new Brush Amplifiers. Equipped 
with handles for easy carrying. Ideal for 
bench operation where units may be stacked 
for economy of space. 


*Trade Mark 








WHAT IS YOUR MEASUREMENT PROBLEM? 


Brush recording systems and instruments can simplify your 
testing and development work in these fields: 


ELECTRICAL MEASUREMENTS—A.C. and D.C. Amplifiers and High Speed 
Direct Writing Oscillographs. 


PHYSICAL MEASUREMENTS —Vibration Pickups * Displacement Analyzers 
* Carrier Amplifiers and Oscillographs. 


RESISTANCE WELDING MEASUREMENTS—Welding Analyzer. 
SURFACE ROUGHNESS MEASUREMENTS — Surfindicator*. 

TEXTILE MEASUREMENTS—Uniformity Analyzer** Tension Analyzer. 
SEISMIC EXPLORATION—Magnetic Recording Equipment. 
COUNTING & CONTROLLING—Digital Instruments. 


BRUSH INSTRUMENTS WELDING ANALYSIS~ Brush instru. 


BL-110 Surfindicator* **BL-9. x 3s lifier, Single Ch S wee 
urfindicator BL-932 D.C. Amplifier, Single Channe ments record. wave form and timing of welding 


BL-201 Single Channel Direct Inking High Gain : - 
Oscillograph BL-933 Chart Takeup Drive, for use with current simultaneously with electrode pressure. 


BL-202 tet Shaan Direct Inking sae ge eerie Oa go ap 222 By checking the wave shapes, inspectors can cali- 
scillograp BL-95. .C. Pre-Amplifier, High Gain brate c a mae r 
> . ate controls quickl ri sure P , 
BL-206 anna Oireet Inking BL-502 Transient Recorder pee Big os te gy and assure top qu ality 
Bi-208 Bie Electric Writi BL-301 Vibration Pickup, inertia type ’ vis “teh oad 
sd . n 
Gedlliearagh aie ahi DP-1 vaeetie Pickup, displacement 
BL-213 Welding Anal Ls 
ses Heard A hikgat igre) ae DP-1H Heartbeat Pickup, similar to 
BL-221 Single Channel Combination DP-1, with flat diaphragm 
Oscillograph 5 sli 
BL-222 Double Chennel Combination ELECTRO-ACOUSTICAL INSTRUMENTS 
scillograp . 
BL-254 Four-Channel Direct Inking GS: 000R Spot Prequsney Sortuter 
Oscillograph BL-1502 Deviation Test Bridge 
BL-256 Six-Channel Oscillograph BL-1604 Integration Network for 
BL-264 Four-Channel Combination Vibration Pickup BL-4304 
Oscillograph BL-4304 Vibration Pickup 
BL-266 a Sort Combination BL-2002 Heterodyne Voltmeter 
Bi-274 P. i ip ch 5 tak BL-2105 Frequency Analyzer 
- ortable Four-Channel Ink or ; 
Electric Writing Oscillograph BL-2109 Audio Frequency Spectrometer 
BL-276 Portable Six-Channel Ink or BL-2304 Level Recorder 
Electric Writing Oscillograph BL-2423 Megohmmeter and D.C. 


BL-312 Universal* Bridge Switch Voltmeter 
BL-314A Textile Uniformity Analyzer* __5t-8423 Megohmmeter High Tension 


**BL-320 Universal* Strain Analyzer BL-4002 Standing Wave Apparatus SURFACE ROUGHNESS This simple 


a spall Amplifier BL-4111 Condenser Microphone check can helo reduce id 4 ; h 
o val Channel D.C. Amplifier BL-4120 Reciprocity Calibration Cc an cip reduce production costs wherever 


BL-905 A.C. Amplifier, High Gain Apporatus and Accessory surface roughness specifications are concerned. 
** ‘ . 4 : 4 . 
BL-928 ee" Dual Channel, BL-470? Automatic Frequency Instrument indicates average roughness in micro- 
ow Gain JR nse T : ; . : . : 
ies tc anced inches and is designed for production line inspec- 


*Trade Mark ; a) ‘ ms ~asy wat A 
‘Reais eveialla te eatin at ahh ein tion use. Portable and easy to operate. Model BL-110. 
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DIGITAL INSTRUMENTS 


ELECTRO-ACOUSTICAL MEASUREMENTS seo 8 
applied for 
counting, con- 








These instruments, developed for 
laboratory use by Bruel & Kjaer, 
are finding ever broader use in 
industry. They present essential 
data easily, and simplify the anal- 
ysis of sound, vibration and noise. 


trol and record- 
ing. Used in 
manufacturing, 
Digital Cycling Counter, Model N-655 design and de- 











velopment, research work. Brush application 
service helps you realize the full potential of 
digital instruments. 


Look to Brush for help on your measurement problems. Con- 
tact the nearest Brush representative or write Brush Electronics 
Company, Dept. O-12, 3405 Perkins Ave., Cleveland 14, Ohio. 











Spectrum Recorder automatically measures BRUSH ELECTRONICS COM PANY 
wry noise on vibration spectrograms. INDUSTRIAL AND RESEARCH INSTRUMENTS formerly 
Chart records indicate both frequency PIEZO-ELECTRIC MATERIALS © ACOUSTIC DEVICES ~ The Brush Development Co 
spectrum and signal amplitude. MAGNETIC RECORDING KQUIPHENT Brush pines pine oa 
—. a san operat: unit 0, 
ULTRASONIC CQUIPRERT Ea Clevite Corporation 
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REX RHEOSTAT CO. 


CIRCUIT TESTER ; WIN. LL NY. 


Ohms—A.C., & D.C., 
Volts, Millivolts, 
Amps., Miiliamps 





Model 247 


POWER ANALYZER 


Multi Range To 
600V-125A-6K.W. 





Designers and Manufacturers of 
Electrical Instruments and 
Testing Equipment 


sei SLIDE-CONTACT 
shih rt RHEOSTATS 


AAAs ‘ 
AAA glad wedadadiualid sa 
a a 


RESISTORS 


INSTRUMENT LABORATORIES | 7 + sits 120 01 uns 
TUBULAR SLIDE-CONTACT RHEOSTATS with 
315 W. Walton Place SELF-LUBRICATING FLOATING CONTACT ELEMENT 
* Protected and Unprotected Types 
CHICAGO 10, ILLINOIS e Easy and accurate adjustment. 
Phone Michigan 2-0123 Fixed Resistors from 220 Watt to 1000 Watt with Adjustable Center- 


tap Connection Protected and Unprotected Types. Also Non-Induc- 
tive Rheostats and Resistors. 
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HIGH VOLTAGE MEGOHMER 


from Milliwatts to Kilowatts ed) ee 


GENERATOR TYPES 
MINIATURE ‘MINOR" Dwarf Size, 3 Ibs., 500 Volts, 50 


HIGH VOLTAGE CONVERTER megohms, Bulletin 450 
powerful unit, weighs less than 3 "MAJOR" Small size constant pressure, 500 
Simply connect to standard flashlight Volts, 50 megohms. Extra ohm scale. Bulletin 
s or low voltage 60 cycles and any voltage . 465 
trom zero to 9000 volts output can be obtained 
utpu can be ) on o % by eans 0 " " 
ale cae Eee toe ee Pen STANDARD" Heavy duty constant pres- 


for Photoflash applications, breakdown testers sure 500 or 1000 Volts. Ranges to 2000 meg- 


tortable power supplies, mego!immeters Geiger * 
counters, Full details on request. ohms. Bulletin 455 














anchacdeeeuanat ets. ; | BATTERY VIBRATOR TYPES 

lany standard models to choose ‘om > 

Renae up to 200000 Yele Dt Mey “MODEL B-7" Precision Ohmmeter-Meg- 

be obtained with or without meters, ohmmeter. 2 megohm ranges, 2 ohm ranges, 
amplifier circuits, highly 2 test potentials. Bulletin 440 


chopper type circuits or tube 


son MROROLLS amolifier conteel Full : “MODEL B-6" 4 instruments in |. Ranges: 
ek (OS pega 200 megohms, 2000 ohms, AC & DC volts 
up to 600. Bulletin 441 





BREAKDOWN AND 
INSULATION TESTERS 


sors to cabioe or ‘cntayles, Carmen oe OE eS PLUG-IN-TYPE 


meters show exact leakage currents for any voltage , ° 
level Special protection circuits are an added ‘ 115 V. AC line Operated. New Model P-1 


afety measure. Send for details . Test Potential 500 V. DC or 1000 V. DC. 
; Ranges: 0-100 or 0-1000 or 0-2000 Meg- 
SCALE PRINTING MACHINE ohms. Bulletin 451 
iint your own experimental meter cales with 
his versatile machine, Makes divisions, numbers 
ind all lettering. Pintshed job looks like fine ELECTRONIC TYPE 
ess work In daily use b many leading manu 
w8N mrs. 20,000,000 Megohms 
~ ae S eiainaenal aeieoneans aye ye i Mode! 29A with I! ranges. Measures from 
ee ssataile. ba eh ak ad ‘ 300,000 ohms to 20 million megohms. Test 
Potentials 85V and 500V. Bulletin 1029 


PRECISE MEASUREMENTS COMPANY 
942'2 Kings on ESplonede i 23, New York if CO., INC. sp TL 
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CHAPTER XI 
ELECTRONIC TEST INSTRUMENTS 


By M. H. 


ASIC test instruments usually 

found in any shop where electronic 
equipment is serviced include the (1) 
vacuum-tube voltmeter (VTVM), a-c. 
and d-c., (2) signal generator, (3) 
oscilloscope, and (4) tube tester. These 
four basic test instruments will be 
described in detail in this chapter. 

In addition, there may be found many 
other test instruments designed for 
specific uses—high voltage a-c. and d-c. 
test equipment, magnetic-field equip- 
ment, bridges and Q indicators, decade 
resistors, decade capacitors, decade in- 
ductors, frequency meters, harmonic 
analyzers, panoramic adapters, special 
resistance meters, pulse instruments, 


mrcadauueted 


ARONSON 


for measuring large voltages to an ac- 
curacy of 0.01 percent. Within these 
extremes are many commercial types 
and models. 

Table 1 lists the basic VT VM circuits, 
which are shown in Figs. 1 to 6. Diodes 
and triodes are the basic tubes used 
(variable-mu pentodes are used in log- 
arithmic-scale a-c. VTVM’s, all are 
Type IX, the amplifier-rectifier type). 

Basic use of diodes is to rectify an 
a-c. signal so that it can be indicated 
and measured by a d-c. permanent-mag- 
net moving-coil indicator. (This type of 
indicator is standard in almost all 
VTVM’s.) There are three basic diode 
a-c. VTVM’s, as shown in Table 1 and 








4 


ig. 1. Basic diode VT'VM circuits for a-c. measurement (see Types I, U1, Il, table 1). 


PLATE Vv 
Mh} 


Fig. 2. 





voltage-standing-wave-ratio (VSWR) 
indicators, attenuators, phase meters, 
electrometers, power supplies, cathode 
followers, impedance meters, comput- 
ers, etc., etc. 


1. VACUUM-TUBE VOLTMETERS 


The term “vacuum-tube voltmeter’ 
refers to an instrument which uses 
vacuum tubes to measure voltage. 
(Many d-c. VTVM’s also measure cur- 
rent and resistance.) A simple VTVM, 
consisting of but one diode and an in- 
dicator, may have only one voitage 
range; a complex VTVM may have 
a-c. and d-c. voltage ranges from 0.0001 
to 1000 volts, plus a wide-range ohm- 
meter, plus a standard cell for pre- 
cision calibration, plus distended scales 


, 





BALANCING 
TUBE 





Fig. 3. Basic balanced d-c. VTVM circuit, in 
which measuring tube can be used on linear 
portion of its characteristic. 











ate 


Basic triode VTVM circuits (xee Types IV. V. VI, 


table 1). 


Fig. 1. These are (1) series-resistor 
type, (2) peak-reading series type, and 
(3) peak-reading shunt type. .The 
series-resistor type has limited | fre- 
quency response because distributed 
capacitance bypasses r-f. current 
around the high-valued resistor, mak- 
ing the reading higher as frequency 
is increased. The higher the value of 
R, the more limited is the frequency 
response. In Type I, a 100,000-ohm re- 
sistor and a 100-microampere movement 
would give full-scale deflection of about 
23 volts rms. 

The two peak-reading diode VTVM’s 
are used more commonly. As the load 
resistor (R) is not in series with both 
the source and the diode, the frequency 
response is improved. The input resist- 
ance is made up of R and the biased 
diode, and is approximately equal to 





Fig. 4. Inverted-triode-type VTVM's for high- 
voltage measurement (see Type VII, table 1). 


R/2. As in all peak-reading voltmeters, 
waveform error appears if the wave- 
form is not sinusoidal. The sensitivity 
depends on R and the indicator; a 
l-megohm resistor and a 100-microam- 
pere movement produces a_ 100-volt 
peak range (FE == IR), which is about 
70 volts rms. 

Wherever diodes are used, the con- 
tact potential must be considered. This 
is the potential developed on the plate 
of a diode even when no signal is ap- 
plied. Its value depends on the resist- 
ance in series with the diode and is 
about 0.5 volt with 20,000 ohms in 
series with the diode; about 1 volt 
with megohms. This contact potential 
can be balanced out by a second diode 
or by a battery, but the calibration will 
not be linear at low signal levels (less 
than a few volts) because the diode 
resistance is high at low voltages. 

Crystal diodes or germanium or sili- 
con often are used instead of vacuum- 
tube diodes. These do not have contact 
potential and do have superior high- 
frequency operation owing to their low 
shunt capacitance. 

Triode VTVM's. 

Types IV, V, and VI in Table 1 are 
the basic triode VTVM’s (Fig. 2). The 
basic triode d-c. VTVM (Type IV) is 
often used as the final stage in more 
complicated VT VM’s—with bucking and 
balancing circuits. These circuits re- 
move the basic limitation of this type 
that is, the poor low-signal linearity 
caused by the nonlinear tube charac- 
teristic (plate current vs. grid voltage) 

by permitting the tube to operate at 
a linear portion of its curve. Fig. 3 
shows a basic balanced VTVM of the 
d-c. type: one tube is the measuring 
tube whose plate current is controlled 
by the applied grid signal; the other 
tube is a balancing tube that permits 
the indicator to start at zero even 
though plate current is flowing in both 
tubes. This balanced-type circuit, pre 
ceded by a rectifier-amplifier combina- 
tion that gives both a-c. and d-c. re- 
sponse at high sensitivity, is a common 
type of general-purpose VTVM (Type 
VIII in Table 1). 

Inverted-triode VT VM’s (Fig. 4) are 
used for high-voltage measurement. 
Special high-voltage probes with volt. 
age-dividing networks are available 
also as an auxiliary for conventional 
low-range VTVM’s of Types VIII 
and IX. 

Types VIII and IX in Table 1 are 
the most common VTVM instruments 
available commercially. The top circuit 
in Fig. 5 shows a rectifier-amplifier 


oo o-¢ 
REC TIFOER AMPLIFIER 


Fig. 5. Basic general-purpose YVTVM's (see 
Types VIII and IX, table 1). 
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TABLE 1.—BASIC TYPES AND 


ee Type Principle ; a 
I, Diode AC VTVM; geries-re-} Average rectified current is pro 
sistor type (Fig. 1) portional to applied AC signal. Load 
resistor increases input resistance 

and linearity 
Il, Diode AC VTVM peak-read Capacitor charges and biases 
ing series type (Fig. 1) diode so that only a small surge of 


current flows on positive peaks. RC 


is chosen to be large compared to 
time of 1 cycle at lowest frequency 
to be used, Sensitivity depends on 
Kk and indicator movement 


IIf. Diode AC VEVM; peak-read | Same as II, except source is iso 
ing shunt type (Fig. 1) lated from measuring circuit by 
coupling capacitor. Figure shows 
| 0-50 volt range, as established by 
- - 'O0.5-mee R and 100-ua. movement 
x — Dc VTVM: simple type | Sans ts Einael to ante’ tenet 
. causes proportional plate current 
| Balancing circuit can be used to 
| buck out zero-signal plate current 
} to increase low-signal linearity 
| (Fig. 8). 
V. Triode AO VTVM; plate-rec 


tification (or plate-detection) type. Al 


so self-bias or reflex type (Fig. 2). 


j 
Tube is biased either to cutoff or 
| below or above. First two give \%- 


| wave-rectification operation; third 
| gives full-wave operation (Full 
| wave type has least waveform er 
| ror). Average plate current is pro 
| portional to applied AC signal. Bias 
jcan be obtained from cathode re 
| sistor (this type is known as self 


| bias, or reflex, type) 


VI. Triode AC VTVM; grid-recti- | On positive signal swings, the 


fication type (Fig. 2) | grid draws electrons from cathode, 
| charging capacitor © and biasing 
| tube. Plate current depends on bias 
land hence on signal 

VIT, Inverted triode (Mig. 4). High-voltage signal is applied to 
plate. Grid may have positive bias, 
or self-bias may be obtained from 
cathode resistor. Indicator in grid 
or cathode circuit shows current 


to applied voltage 


Transmitter-type tubes usually used 
DO VTVM 
mounted in 
work. Ree 
or double 

rectifier, 
out diode 


proportional 


VILL. Rectifieramplifiertype AO 


VTVM's 


Rectifier followed by 
Reetifier 


(Fig. 5) 


circuit can be 
probe 
tifler 


diode 


for high-frequency 
usually is crystal 
of 
to 
contact potential) 
\C 
fier 


fone which is 


other is used balance 


IX 10 VTVM's 


(Fig 


Amplifier rectifier amplifier followed 


bC VTVM. AC 


rectl 
amplifier 


by 


CHARACTERISTICS 








is broadband stabilized amplifier 

Wide 
obtained 
in 
use of 


of vari 


for measurement 


(log) 


precision 
decibel 
of 


movement 


scales 
pole 


or 


range 


| by use shaped pieces 


indicator by 
logarithmic 


able-mu tubes 


characteristics 


Uses null principle. An adjustable 
voltage is inserted with 
the unknown voltage, is varied 
until meter indicates 
| predetermined value) 
type or shunt-type 
used (as in I 


X. Slideback VTVM; diode type | 
Pig. 8) | in 
and 

null 

Either series 
circuit be 
It 


series 


(or some 


can 


and above) 


as X, 
of 


VTVM Same except triode is used 


diode 


triode 


XI 
(Fig 


Shideback 
8) 


type 


| instead 





OF VTVM 









Ad r anta ges < 
1. Simplicity 


2. Can be used 
frequencies 


up to low radio 


1. Simplicity. | 
2. Frequency low from 
low frequencies (established by 


error is 


RC value) to high ratio fre 
quencies 
s$. Commonly used as second de 
tector in superhet receivers. 
4. Input resistance is approxi 
mately R/2 


Same as II, plus 
5. No DC path required through 


source 





resistance (hun 





2. Useful 


1. Measures 


ts 


&. Has 


1. High input | 
dreds or thousands of meg 
ohms) 

2. Good linearity (for large sig 
nals, as established by tube 
characteristics). 

3. High sensitivity. 

}. High input resistance. 

2. Useful to high radio frequen 
cies (above 30 Mc.). 

3. Higher sensitivity than diode 
types. 

4. Self-bias type can be used to 
50 Me. with acorn tubes 

1. High sensitivity for weak 





signals (0.1 to 1.0 volt) 





“High voltage 


measurement (up | 
to 30,000 volts), 
2. High input resistance (up to | 
107 megohms) 
= es ee eee —~ on 
1. Wide range of frequencies (up | “i 
to several hundred Mc.) 
2. Most popular general-purpose | 


type 


1. High sensitivity. 
Many variations available for 
wide-range work, usually with 
logarithmic decibel seales 


t. Most popular for audio-fre 
quency work 
1. Can measure positive peak | 


voltage, negative peak voltage 


or DC level of AC signal 
(trough voltage)—-by reversing 
polarity of slideback voltage | 


and diode, 


as modulation meter 


3. Useful at very low frequencies | 
(1 ecps.). where conventional | 
VTVM's have error 

4. Usefu. for pulses 


peaks 
but not 


positive only 


DC 
ommended) 
Higher sensitivity 
less error for 
nals than X 


(also signals rec 


than X 


weak 


aig 


High input resistance (higher | 
than type V_ above because | 
grid is excited only on posi-| 
tive peaks), 

5. Useful at very low frequen- 


cies. 


CIRCUITS. 





Limitations 


1. Limited frequency response 

2. Low input resistance (use of 
high load resistor causes re 
duced sensitivity). 


2 


3. Not used much 


same at all frequencies 


2. Sensitivity goes down as value 
of R increases 

3. Meter current must flow 
through source 

4. Diode contact potential be 
comes troublesome for small 
signals (less than 1 volt). 

5. As it is peak reading, wave 


form error exists if peaks are 
not uniform 


Same as II, 


1, Poor low-signal linearity. (un 


less bucking circuit is used) 
2. Limited range (as established 
by tube characteristics) 


1. Curved tube characteristic 


causes square-law response to 
weak signals. 

2. Self-bias type has less sensi 
tivity (but more linearity) 
than bias-battery type. 

3. Can have waveform error 


1. Reduced input resistance be 


eause grid draws current. 

2. High plate current at zero 
signal. 

3. Square-law response for weak 
signals. 


1. Upper frequency limit in low 
megacycle range of 
tube capacitance 

2. Low sensitivity 


because 


‘T. Sensitivity limited to about 1 


volt full scale because of poor 
linearity of rectifier to weak 
signals 

2. Low-frequency limit is usual 


ly 60 eps 


1. Does not have the frequency 


response of  rectifier-amplifier 
type 

2. Low-frequency limit is usually 
10-20 eps. 

3. High-frequency limit is usual 
ly 2-4 Me 

1. Accuracy decreases for sig- 
nals less than a few volts 
(unless calibration is made), 


2. As it is a peak-reading VTVM, 
waveform error can exist. 


3. Rectifier characteristic at weak 


hence 
for 


signals is poor, 
recommended 
above a few volts 
4. Calibration and correction 
curves required for accuracy 
better than a few percent. 


is 
voltages 


use 


1. Subject to same waveform er 
rors as all 

VTVM's 

Useful only on positive peaks 


peak-reading 


3. Meter must be protected when 


unknown signal is applied and 
slideback voltage is not ap 
plied. 


characteristics. However, one Type VIII 
(rectifier-amplifier type) plus one fype 
IX (amplifier-rectifier type) will meet 
most general-purpose applications. 

Note that the Type IX (amplifier- 
rectifier) is available with wide-range 
decibel (logarithmic) scales. This is 
done by use of special indicating-in- 
strument movements with shaped pole- 
pieces to give logarithmic response, or 
by feedback in an amplifier which uses 
variable-mu tubes to give the logarith- 
mic response. The advantages of loga- 
rithmic response are (1) response to 
signals of widely different amplitude 
and (2) equal percent-accuracy of 
measurement in all regions of the scale. 

Special VTVM’s are available for 
pulse measurement. Others have dis- 
tended scales (a small portion of the 
scale is extended over the full scale) 
permitting measurement of millivolt- 
ages at any voltage level. 





















































Slide-back VTVM’s 
Slide-back vacuum-tube voltmeters 
(Fig. 8) use the null principle of buck- 
ing out the applied unknown signal with 
an accurately calibrated slide-back volt- 
age. All the basic VTVM circuits can 
be used, with their attendant advan- 
tages and disadvantages. The slide- 
Fig. 6. Typical VIT'VM circuit (with probe rectifier for a-c. measurements). back feature permits measurement of 
— very-low-frequency signals (fractions 
INSTRUMENT RECTIFIER of a cycle), of peaks, troughs, percent- 

(ue age modulation, ete., as in Table 1. 














LAST Uses 
AMPLIFIER Vacuum-tube voltmeters have many 
uses in addition to their primary fune- 
3 tion of measuring signal amplitude. 
°° ALF WAVE INSTRUMENT BIAS These uses include (1) measurement of 
SHUNT RECTIFIER R, A40/VUST circuit impedance, (2) measurement of 
internal impedance of a signal genera- 
tor, (3) null detection in bridge circuit, 
(4) voltage amplification, (5) meas- 
urement of alternating currents, and 
(6) measurement of parallel-resonant 
UsT circuit impedance. 
AMPLIFIER NEGATIVE FEE D- Measurement of Circuit Impedance 
7 BACK TO FIRST by 6-db.-drop Method. Use apparatus as 
AMPLIFIER shown in Fig. 9, using an oscillator of 
known internal impedance. With the 
decade resistor disconnected, adjust the 
- : oscillator level to give a convenient 
Pn yh reading on the VTVM. Connect the 
ers of amplifier-rec- resistance decade and adjust its value 
(NS TIPUME NT tifier-type VTVM's (R) until the VTVM reads 6 db., or 
ee 7 f : 50* percent, of its initial value. At this 
type. The rectifier is usually an auxili- response, (4) protection against over- reading the generator impedance (Z,.) 
ary so that the VTVM is essentially loads, and (5) scales for current and _ , 
a d-c. VTVM. The basic shortcoming resistance measurement. As shown in “Note: 6 db. is about 50-percent change in 
of this type of VTVM is limited sensi- Table 1, no one VTVM has all these hn. a ae ee nee ee 
tivity caused in part by poor linearity 
of rectifiers to weak signals. 


GERMANIUM DIODE FULL WAVE 
BRIDGE (MSTHUMENT RECTIFIER 

















The amplifier-rectifier-type (Fig. 5, 
bottom) overcomes the sensitivity lim- 
itation of the rectifier-amplifier type, 
but at the expense of frequency re- 
sponse because the rectifier in the latter 
type is usually a high-frequency unit 
in a special probe tip. (Fig. 6). The 
basic types of rectifier circuits used 
in amplifier-rectifier-type VTVM’s are 
shown in Fig. 7. as . 

The features desired in a VTVM are / : cana 
(1) high input impedance to both a-c. ~ 
and d-c. signals, (2) high sensitivity \" aH : Mit 
and several ranges, (3) wide frequency Fig. 8. Basic slide-back VTVM circuits (see Types X and XI, table 1). 




















Pig. 9. Set-up for 
measuring circuit Z 
impedance or oscil- 
lator impedance 
with an a-e “N 
VTVM. 
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plus the unknown impedance (Z,) 
equals the circuit impedance R: 

R Zq + Zy 
Resistance R must be resistive at the 
test frequency. The oscillator output 
must be sinoidal. 

Measurement of Generator Imped- 
ance. Use the 6-db.-drop technique also 
for measurement of the internal im- 
pedance (R) of a signal generator. 
Connect apparatus as shown in Fig. 9 
with the resistance decade disconnected. 
Adjust generator until a convenient 
reading is ubtained on the VT VM. Con- 
nect resistance decade and adjust it 
until the VTVM reads 50 percent of 
voltage, or 6-db. drop. R then equals Z,y. 

Null Detection. The VTVM can be 
used as a null detector in a bridge 
circuit. When an a-c. VTVM is used 
in an a-c. bridge, the bridge should be 
operating at frequencies within the 
frequency-response range of the VT VM. 

Voltage Amplification. The VTVM 
may be used as a voltage amplifier for 
oscilloscope input magnification. Two 
VTVM’s may be used in series where 
noise levels are relatively low and ab- 
solute accuracy is not important. 

Current Measurement. The VTVM 
can be used as a multi-range a-c. am- 
meter with use of precision noninduc- 
tive shunts, or even with resistance 
wire (Fig. 10). This is often useful 
when a thermal-type meter is not avail- 
able, particularly since rectifier-type 
multi-test sets do not have a-c. ampere 
or milliampere ranges. Caution must 
be used to insure that the voltage drop 
is actually measured across the pre- 
cision resistor and not across any por- 
tion of the connecting leads, clips or 
attachments; good contact must be 
obtained. 

Resonant-circuit Impedance. The 
VTVM can be used to measure parallel- 
resonant circuit impedances and, con- 
sequently, the approximate Q of tank 
circuits. A set-up as in Fig. 11 is used. 
The VTVM must be insulated from 
ground; a “push-to-test” switch should 
be included to protect personnel. 

The circuit anti-resonant impedance 
is determined by comparison of the 
VTVM indication of the voltage across 
the 100-ohm resistor against the indica- 
tion across the tank circuit. The VTVM 
must have high input resistance and 
low input capacitance. 


Maintenance and Calibration 


The manufacturer’s literature usu- 
ally presents detailed maintenance tech- 
niques. In order of performance, the 
routine service technique includes (1) 
check and renewal of tubes, (2) phy- 
sical check, (3) check of absolute 
calibration, (4) check cross-scale 





of 


tracking, (5) check and compensation 
for frequency response, and (6) run-in 
and final 


check 





162 


2. SIGNAL GENERATORS 


Signal generators are oscillators that 
produce signals for testing, adjusting, 
or calibrating electronic circuits. 

There are two basic types of signal 
generators,—frequency standards and 
test oscillators. The former provides a 
relatively weak signal of high frequen- 
cy-stability and low harmonic-content; 
the latter provides a stronger signal 
of less stability. The signals usually 
are adjustable both in frequency and 
amplitude for maximum utility; ranges 
of adjustment of both frequency and 
amplitude are important characteristics 
of signal generators. High-quality gen- 
erators do not change signal amplitude 
with frequency change, and vice-versa. 


OSCHLATOR 


ibianianet 7 | 
Vv, fy YT VM | 
i Se BY ax teatingl 
4 
I j cS R 
Fig. 10. Set-up for use of a-c. VTVM as 


ammeter or microammeter. I is current to be 
measured; R must be non-inductive. 


Features of Test Oscillators 


The test oscillator delivers a signal 
either pure, tone-modulated, or fre- 
quency-modulated, for testing and ad- 
justing electronic circuits. Accuracy 
of output frequency is not as important 
as is adequate and adjustable signal 
strength (amplitude). This is because 
the test signal may be applied to either 
high-gain or low-gain circuits; the 
former require only smal! signals, the 
latter require large signals. In opera- 
tion it is important that the output test 
signal remain constant when the signal 
is coupled into various parts of a cir- 
cuit for test or analysis. Many test 
oscillators have an output meter so that 
the output can be measured and main- 
tained constant by manual! adjustment. 

Most test oscillators provide outputs 
at various impedances—the most com- 
mon being, 50, 72, 300, 500, and 600 
ohms. This is done to provide maximum 
power transfer to the circuit under 
test, to minimize reflections and stand- 
ing waves, and to make comparisons 



















different 





of voltage meastirements at 
impedances. 

Secondary standards and high-stabil 
ity test oscillators use regulated power 
supplies. Line-voltage regulation also 
should be used when portable a-c. gen- 
erators or fluctuating line-voltages are 
used. It is important to remember that 
oscillators do not reach maximum sta- 
bility until they are in operation for 
a time sufficient for the circuit to reach 
a stable temperature. 


Transmis- 


WWV 
sions 

Station WWV, the National Bureau 
of Standards, transmits standard radio 
frequencies that are useful for check- 


Standard-frequency 


ing frequencies and testing circuits 
and other oscillators. The schedule 
of WWV transmissions is shown in 
Table 2. 
Table 2—SCHEDULE OF WWV SERVICES 
Carrier Power Modulating 
Frequency, Time of Output, Frequencies 
Me. Broadcast kw. cps 
2.5 Continuously 0.7 i and 440 
5.0 ditto 8.0 ditto 
10.0 ditto 9.0 1,440 and 4000 
15.0 ditto 9.0 ditto 
20.0 ditto 8.5* ditto 
25.0 ditto 0.1 ditto 
80.0 ditto 01 1 and 440 
35.0 ditto 01 1 


* 0.1 kw. for first 4 work days after Ist Sunday 
of each month 


Each carrier frequency and each 
audio frequency is accurate to better 
than 1 part in 50,000,000. Each interval 
of 1 second is accurate to 1 microsecond. 
Station letters WWV and voice an- 
nouncements are given 1 minute before 
the hour and half hour. 

Circuits 

Many basic oscillator circuits are 
used—-phase-shift, Wien-bridge, and 
beat-frequency oscillators are used as 
test oscillators at low frequencies (from 
a fraction of a cycle to ultrasonic fre- 
quencies); tuning-fork oscillators are 
used as audio-frequency secondary 
standards. Electron-coupled, dynatron, 
and transitron oscillators are used from 
very low to high radio frequencies; 
crystal-controlled and electron-coupled 
oscillators are used as secondary fre- 
quency standards at these frequencies. 


The ultraudion, Klystron, and mag- 
netron oscillators are used at radio 
frequencies in the VHF, UHF, and 


SHF bands (see Table 3 for the decade 
classification of radio waves). The Klys- 
tron is the more stable continuous- 
wave (c-w.) oscillator and is used most 
often at URF and SHF frequencies. 
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Fig. 11. Set-up 
for using an a-c. 
VTVM to measure 
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Fig. 12. Tickler-coil oscillator. 
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Fig. 13. Hartley oscillator. 
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Fig. 14. Colpitts oscillator. 


Tickler Coil 

One of the basic oscillator circuits 
is the tickler-coil oscillator, shown in 
Fig. 12. The resonant tank is inductor 
L and capacitor C in parallel. As the 
natural resonant frequency of the tank 
is 1/(27) (LC)17?, the capacitor or in- 
ductor can be made variable so that 
the resonant frequency is adjustable. 
The capacitor usually is made variable. 
The C, and RF network provides grid- 
leak bias, which is used in almost al! 
oscillators because it enables the oscil- 
lator to start oscillating easily and then 
provides stable bias. 

If the R-C, time constant is made 
large, the oscillator will oscillate for an 
instant and then block until the capaci- 
tor discharges through the resistor. 
This type of blocking oscillator is used 
widely for producing pulses. 

When the oscillator is first turned 
on there is a surge of current that 
excites the tank. This signal is am- 
plified by the amplifier. Tickler coil L, 
is wound and placed so that a small 
amount of signal is inductively fed 
back into the tank; the coupling coeffi- 
cient is represented by M. The feedback 
signal is of the proper polarity and 
amplitude to sustain a pure sinoidal 
oscillation. 

The oscillator output can be fed to 
any desired circuit by either a con- 
nection to the tank or by another coil 
brought near the tank. This type oscil- 
lator is used widely in radio receivers 
as a local oscillator for heterodyning 
radio-frequency signals to a lower, or 
intermediate, frequency. 


Hartley Oscillator 


The Hartley oscillator (Fig. 13) is 
similar in principle and operation to 
the tickler-coil oscillator, except that 
one tapped inductor is used. A positive 


Table 3 


Frequency, ke Wacelength 
10 to 20 

30 to 390 

300 to 3000 
3000 to 30,000 100 to 10 
30,000 to 300,000 10 to 1.0 
300,000 to 3,000,000 10 tw O01 
3,000,000 to 30,000,000 


DECADE CLASSI¥ICATION OF 


10,000 to 10,000 
10,000 to 1,000 
1,000 to 100 


Fig. 15. Taned-plate tuned-grid oscillator 
signal surge at the grid causes plate 
current to increase. The current flows 
up through Lp», causing the tap on L, 
to become more positive than the bot- 
tom. This in turn induces a more 
positive signal at the top of L. As a 
positive signal at the grid results in 
a more positive feedback signal at the 
grid, oscillation is sustained. 


Fig. 16. Phase relations showing how the 
plate signal of a tuned-plate tuned-grid oscil- 
lator is shifted 180 degrees during feedback 
to the grid. 


Colpitts Oscillator 


The Colpitts oscillator (Fig. 14) is 
similar to the Hartley, except that a 
pair of capacitors, C, and C,, replace 
the tapped coil. The circuit action is 
similar in all other respects because 
the capacitors produce an effective tap 
on the coil. The inductance usually 
is varied for tuning, although capaci- 
tors C, and C, can be ganged and 
varied for tuning. The radio-frequency 
choke (RFC) is used in all oscillators 
to block the oscillations from the power 
source. 


Tuned-Plate 


The tuned-plate tuned-grid oscillator 
(Fig. 15) has a tuned circuit in both 
the grid and the plate circuits. The 
feedback from plate to grid occurs 
through the small interelectrode capaci- 
tarce. As the plate signal is 180 de- 
grees out of phase with the grid signal, 
there must be another 180-degree phase 
shift in the feedback signal in order 


Tuned-Grid Oscillator 


RADIO WAVES 


meters Designation 


frequency (VLF) 


(LF) 


Very low 
Low frequency 
Medium frequency (MF) 
High (HF) 

Very high frequency (VHF) 
(UHF) 
(SHF) 


frequency 


Ultrahigh frequency 


Super high frequency 


to produce oscillation. This occurs be 
cause the tanks are tuned to a fre- 
quency that is slightly higher than the 
oscillation frequency. Thus the tank is 
more inductive than capacitive. When 
current is fed through a tiny capacitor 
to an inductor, the voltage developed 
across the inductor is shifted in phase 
by 180 degrees. This shift makes the 
feedback signal in phase with the grid 
signal, thus sustaining oscillation. 
Fig. 16 illustrates the phase relations. 
E,, is the grid signal. This produces 
Ep, the plate signal. E, produces /,, 
the feedback current through the inter- 
electrode capacitance. As the interelec- 
trode capacitance is in series with the 


inductive tank, the current through the 


tank (J,) is the same as /,. However, 
a current through an inductor lags 
the voltage across the inductor by 90 
degrees. Therefore J, produces feedback 
signal E,, which is in phase with EF, 
and thus sustains oscillation. 

For this to occur, the grid tank must 
be inductive (tuned to a frequency 
higher than the resonant frequency) 
and the reactance of the feedback inter- 
electrode capacitance must be higher 
than the reactance of the tank. As only 
the small interelectrode capacitance is 
used for feedback, both conditions are 
true and the circuit oscillates. 


Ultraudion Oscillator 


The ultraudion oscillator (Fig. 17) 
is used frequently at ultra-high fre- 
quencies. As the grid and plate are 
connected to opposite ends of the tank 
circuit, 180-degree phase inversion oc- 
curs because the opposite ends of a 
coil are always at opposite polarities 
when one end goes positive, the other 
goes negative. However, this is true only 
when a point on the coil is grounded 
or kept at a fixed potential. This occurs 
in the ultraudion because the grid- 
cathode and plate-cathode capacitances 
act like the two capacitors in the Col- 
pitts oscillator, effectively tapping and 
grounding a point on the coil. Capaci 
tors C, and C, block the plate current 
from the tank, but pass r-f. oscillations 
with negligible reactance. Grid-leak bias 
is developed across resistor R,. 


Electron-coupled Oscillator 


An oscillator circuit usually cannot 
provide appreciable power without 
changé in frequency. Thus the output 
must be amplified before being used. For 
frequency stability, it is desirable to keep 
the output plate circuit of the oscillator 
from affecting the grid circuit in any 





Ultraudion oscillator 





way. This is done in the electron-coupled 
oscillator (Fig. 18) by using a screen 
at a fixed potential. The fixed-potential 
screen shields the grid from r-f. plate- 
circuit variations, thus permitting 
stable grid-circuit action. The name 
“electron-coupled” arises from the fact 
that the only coupling between plate 
and grid circuits is by the plate-current 
beam of electrons. The oscillator thus 
is a combined Hartley oscillator and 
amplifier. Load variations (changes in 
power output) do not effect the fre- 
quency, as they would if there were 
coupling between plate and grid 
circuits 

Another advantage of the electron- 
coupled oscillator is that changes in 
screen potential affect the frequency 
opposite to the way that changes in 
plate potential do. Thus the circuit can 
be made independent of supply-voltage 
variations 








ans 


18. Electron-coupled oscillator. 


The electron-coupled circuit can be 
used as a frequency multiplier by tun- 
ing the plate tank to a harmonic of 
the natural resonant frequency of the 
grid tank. The grid tank then resonates 
at its fundamental frequency, but the 
plate tank oscillates at the harmonic 
frequency. 


Crystal-controlled Oscillators 


resonant L-C 
frequency with change 
in load, supply voltage, or ambient 
temperature. Even the stability of 
electron-coupled oscillators is not high 
enough for many applications. Where 
the frequency must be highly stable, 
a piezoelectric crystal is used as the 
resonant tank, as shown in Fig. 19. 
The circuit is a tuned-plate tuned-grid 
oscillator. The resistor in the grid cir- 
cuit is a grid-leak-bias resistor; the 
inductor is simply a_ radio-frequency 
choke. 


lhe 


Oscillators that use 


tanks change 


‘such as quartz, 
Rochelle tourmaline) which dew lops a 
charge faces when subjected to com- 
pression or tension. Conversely, when connected 
to a the crystal changes 
sh pe 

The 
evactric 
little 
bility 
oscillator 


erystal is a substance 

salt, or 
across its 
source of potential, 
mechanical-electrical properties of piezo- 
them to oscillate with 
energy and with high frequency-sta 
As the oscillating crystal is a mechanical 
with elastance, and internal 
the frequency of osciilation depends on 
elastance and dimecasions, particularly 
The natural resonant frequency 
thickness decreases. Crystal fre- 
normally from ultrasonic frequen 
cies to about 100 Me. The ecrystal-controlled os 
cillator can produce only frequencies that are 
the same or harmonics of the natural frequency 
of the crystals used in the circuit. 


erystals enable 


loss 


mass 
damping 
the mass, 
the thickness 
increases 8 


quencies are 


The power obtainable is limited at 
high frequencies (megacycles per sec.) 
by the heat developed inside the crystal, 
and at low frequencies by the large 
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amplitudes of vibration, which can 
crack the crystal. The amplitude of 
vibration depends on the amount of 
signal fed back into the grid circuit; 
the small amount fed back across the 
small plate-grid capacitance of a tet- 
rode is sufficient to sustain oscillation. 

As the crystal is a mechanical oscil- 
lator, the crystal holder must contri- 
bute as little damping as possible. The 
crystal can be operated in a tempera- 
ture controlled holder to obtain a sta- 
bility of 10 parts in a million. Stability 
of one part in a million can be obtained 
by temperature control of the entire 
circuit and by use of all possible pre- 
cautions. 
Tuning-fork Oscillator 

The tuning-fork oscillator, like the 
crystal oscillator, is a stable electro- 


mechanical resonator. The frequency 
is determined by the resonant frequen- 








Fig. 19. Crystal-controlled oscillator using 


tetrode. 


cy of the fork. Whereas crystal-con- 
trolled oscillators can operate from 
ultrasonic to high radio frequencies, 
the tuning-fork oscillator is used as an 
audio-frequency oscillator, usually de- 
veloping 400, 440, or 1000 cps. They are 
characterized by good sinoidal wave- 
form and frequency stability of about 
one part in a thousand. 


Magnetostriction Oscillator 


Some metals, such as nickel and 
nickel alloys, change shape when placed 
in a magnetic field. Also, when they 
are forced by mechanical means to 
shrink or expand, they change the 
magnetic field they are in. This effect 
is called magnetostriction. 

The circuit of a magnetostriction 
oscillator is similar to a Hartley oscil- 
lator, except that grid and plate coils 
are arranged to prevent feedback. Thus 
no oscillation can occur until the mag- 
netostrictive rod is inserted in the coils. 
When the resonant frequency of the 
resonant tank is near the mechanical 
resonant frequency of vibration of the 
bar, a mechanical oscillation is pro- 
duced in the bar. Frequencies to several 
hundred kilocycles per second can be 
produced in this manner. This is a 
source of ultrasonic energy for indus- 
trial and military (sonar) applications. 
The term “transducer” was first applied 
to piezoelectric and magnetost: iction 
oscillators used to preduce high-energy 
ultrasonic waves for underwater sonar 
(sound navigation and ranging) ap- 
plications. 


Negative-resistance Oscillators 


In all oscillators, energy is fed back 
into the circuit to overcome losses in 


the circuit. As losses occur mainly 


because of resistance, the energy fed 
back can be considered a form of 
negative resistance that cancels the 
real, or positive, resistance in the 
circuit. 

If the voltage across and the current 
through a resistor are plotted, the 
graph is a straight line with positive 
slope. Several devices show a negative 
slope when their voltage-current char- 
acteristic is plotted in this manner. For 
example, the plate characteristic of a 
tetrode has a region of negative re- 
sistance. Any device that has a nega- 
tive-resistance characteristic can be 
used to cancel real resistance and thus 
sustain oscillation in an oscillator. 


Dynatron Oscillator 


Fig. 20 shows how the tetrode is 
used as a dynatron oscillator. The 
resonant tank is connected to the plate. 
As the screen is at a higher potential 
than the plate, secondary emission elec- 
trons cause the plate current to decrease 
when plate voltage increases. This nega- 
tive-resistance characteristic sustains 
the oscillation. The dynatron is simple, 
can be used from low audio frequencies 
to about 15 Mce., and has high stability 
and good waveform. The disadvantages 
are low power output and variation 
in “negative-resistance” tube charac- 
teristic with age of tube and between 
tubes of the same type. 


Transitron Oscillator 


The transitron oscillator (Fig. 21) 
uses a pentode with the screen grid 
coupled to the suppressor. As in the 
dynatron, the screen is at a_ higher 
potential than the plate. When screen 
potential is increased, it is found that 
there is a region in which screen cur- 
rent decreases because the negative 
suppressor repels fewer electrons to 
the screen. The tube is operated in 
this negative-resistance region and the 
resonant tank is connected to the screen. 

The transitron, like the dynatron, is 
a low-power device. However, a: it 
does not use secondary emission as 
an operating principle, it is more stable 
than the dynatron; its frequency sta- 
bility is comparable to that of a crystal 
oscillator without temperature control. 
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20. Dynetron oscillator. 
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Fig. 21. 


Transitron oscillator. 





Another advantage is a wide frequency 
range; it is used from low-audio fre- 
quencies to above 60 Mc. 
Resistance-capacitance Oscillators 

A resonant device was used in all the 
oscillators described. However, any am- 
plifier can be made to oscillate by feed- 
ing output energy into the input if 
the signal fed back has (1) the same 
polarity as the signal without feedback 
and (2) the same amplitude as the 
signal without feedback. This type of 
self oscillation often is encountered in 
all “closed-loop” systems, such as servo- 
mechanisms, controllers, etc. There may 
be no resonant element because oscilla- 
tion is not desired; however, whenever 
the two conditions are met, oscillation 
occurs whether it is desired or not. 
This principle is used in resistance- 
capacitance oscillators, which use R-C 
circuits to produce the phase inversion 
required to make the feedback signal 
the same polarity as the input signal. 


Phase-shift Oscillator 


Fig. 22 shows an amplifier with a 
3-section R-C network between plate 
and grid. Each section produces a 
60-degree phase shift in signal. Thus 
the phase shifter produces a 180-degree 
change in phase. As the plate signal 
is 180 degrees out of phase with the 
grid signal, the total phase shift is 
360 degrees and oscillation occurs. 

The oscillation occurs only at the 
one frequency at which the 360-degree 
phase shift occurs. The frequency can 
be changed by altering any of the re- 
sistors or capacitors in the phase-shift 
network. The circuit is characterized 
by good sinoidal waveform and high 
frequency-stability when small oscilla- 
tions are produced. It is used in audio- 
frequency signal generators because 
it is tunable over a wide range of audio 
frequencies and because parallel-reson- 
ant L-C tanks become too bulky at 
audio frequencies. 


Wien-bridge Oscillator 


In the Wien-bridge oscillator (Fig. 
23) a frequency-selective Wien bridge 
is used to select only one frequency 
for feedback. As two amplifier stages 
are used, the feedback signal from 
the plate of the second tube is in phase 
with the grid signal of the first tube 
and, therefore, oscillation at any fre- 
quency can occur. However, the bridge 
circuit selects only one frequency. 

Note that a signal is fed both to the 
grid and cathode of the first tube. The 
grid signal is regenerative; the cathode 








Fig. 23. Wien- 
bridge oscillator. 


signal is degenerative. The one fre- 
quency at which the former exceeds 
the latter becomes the resonant fre- 
quency. The lamp in the cathode circuit 
of tube V, stabilizes the amplitude of 
oscillation because its resistance in- 
creases if plate current increases, thus 
reducing the amplitude. 

The Wien-bridge oscillator is used 
commonly in audio test-signal gener- 
ators. It operates over a wide range 
of frequencies, it has excellent stability, 


and the output amplitude is constant. 


over a wide range of frequencies. 

In recent years the RC Wien-bridge 
and RC _ phase-shift oscillators have 
become dominant as test oscillators in 
the range from 0.01 cps. to 10 Me. be- 
cause of numerous advantages—(1) 
with all tubes operating Class A, dis- 
tortion can be kept low with inexpen- 
sive components, (2) with a simple 
nonlinear resistive element such as a 
Type 686 lamp, the output level can 
be maintained within a fraction of one 
db over a frequency range of 10,000 to 
1, (3) as there are no inductors, fre- 
quency calibration is relatively easy, 
and optimum results can be obtained 
at any frequency within its range, ir- 
respective of “L to © ratio” or “Q of 
tank circuit,” and (4) the frequency is 
proportional to C, instead of VC, thus 
permitting wide coverage of frequency 
within one instrument. 


Relaxation Oscillators 


Relaxation oscillators use the charg- 
ing and discharging of capacitors to 
produce trigger action. and , sawtooth 
waveforms. 


Neon Sawtooth Generator 


The simplest sawtooth generator is 
the neon relaxation oscillator shown 
in Fig. 24. A high positive potential is 
applied at B+. The potential charges 


Fig. 22. Phase-shift 
oscillator. 
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capacitor C through resistor R at a 
rate determined by the RC time-con- 
stant. When the voltage across C ex- 
ceeds the firing potential of the neon 
glow tube, the tube ionizes and the 
capacitor discharges rapidly through 
the tube. The tube acts like a switch 
which is open when it is not ionized 
and closed when it is ionized. 

When the tube fires, the capacitor 
discharges and the voltage falls rapid- 
ly until it reaches the deionizing poten- 
tial of the tube, at which point the 
gas deionizes and the capacitor starts 
charging again. Thus the amplitude 
limits of the output sawtooth wave- 
form are the ionizing and deionizing 
potentials of the tube and cannot be 
altered. The frequency (number of 
sawtooth waveforms per second) is 
controlled by the adjustment of either 
R, C, or supply voltage. The frequency 
can be increased by decreasing FR or C, 
or by increasing the supply voltage. 


Thyratron Sawtooth Generator 

A relaxation oscillator that uses a 
thyratron instead of a neon tube is 
shown in Fig. 25. The circuit action is 
the same as for the neon oscillator; 
however, the grid of the thyratron 
offers convenient control of the firing 
potential and thus of the amplitude of 
the generator output. 

A disadvantage of the thyratron is 
that when the grid bias is changed to 
control the firing potential of the tube, 
the frequency changes e'so. The fre- 
quency can be changed without affect- 
ing the amplitude by changing the 
charging resistor, capacitor, or voltage, 
as in the neon sawtooth generator. 

In addition to amplitude control, 
another advantage of the thyratron is 
that the firing can be synchronized 
(stabilized) by an external (sync) sig- 
nal of high stability. When the sync 
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Fig. 24. Neon sawtooth generator. 
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signal (usually a sine wave) is applied 
to the grid, the firing potential can be 
altered slightly; the tube then fires at 
one point on the applied sync signal. 
The sync signal can stabilize the gen- 
erator only at a frequency that is higher 
than the natural frequency without syn- 
chronization because the sync voltage 
can make the thyratron fire sooner, but 
not later, than its natural frequency. 
The generator can be synchronized, or 
locked, to the same frequency, to a sub- 
multiple, or to a multiple of the injected 
syne voltage. 

Note that the output waveform of a 
relaxation-type sawtooth generator is 
a capacitor-charging voltage. Thus the 
output has an exponentially rising 
shape. By using a d-c. supply voltage 
much higher than the firing voltage of 
the tube, a linear rise is obtained. 


The Multivibrator 


The multivibrator is a form of relaxa- 
tion oscillator used frequently in switch- 
ing and timing circuits. It produces a 
square-wave output and is called a 
square-wave generator or electronic 
switch. There are two types—free-run- 
ning and driven. 
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Fig. 26. Basic multivibrator. 


The basic free-running multivibrator 
is shown in Fig. 26. Note that the plate 
of each tube is connected to the grid 
of the other through a capacitor. 

Assume a small negative signal on 
the grid of V,. This causes a positive 
amplified signal at the plate of V,. This 
signal causes a further amplified nega- 
tive signal at the plate of V., which is 
fed back to the grid of V,. This action 
causes the grid of V, to go far negative 
quickly and cut off the tube, at which 
time there is no signal at its plate. The 
negative charge on the grid of V, now 
leaks off through R,. As soon as the 
cut-off point is reached, plate current 
starts to flow, starting another half 
cycle of operation. Thus each tube is 
alternately full conducting and then cut 
off. As the circuit is not in equilibrium 
in either condition, the process keeps 
repeating with a period determined by 
the R,C, and R,C,, time constants. The 
output waveform at the plate of either 
tube is similar to a square wave. When 
R,C, and R,C, are the same, the square 
wave is symmetrical—that is, of equal 
duration on each half cycle of operation. 


Synchronization 


As the frequency-stability of the free- 
running multivibrator is poor, multivi- 
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Fig. 27. Eccles- 
Jordan flip-flop 
trigger circuit. 
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brators in timing and sweep circuits 
usually are driven—that is, synchro- 
nized by an external waveform. A stable 
sine wave or an accurately timed series 
of pulses can be applied to the cathode 
or grid of either tube. The synchroniz- 
ing voltage causes the tube to “switch” 
at one point on the applied sync signal, 
thus locking the multivibrator to the 
frequency of the applied signal. 

The multivibrator can be synchro- 
nized to a fraction (om. half, one third, 
etc.) of the driving frequency. This per- 
mits frequency division. 
Eccles-Jordan Flip-flop Trigger Circuit 

The Eccles-Jordan trigger circuit 
(Fig. 27) is a basic trigger circuit that 
has two conditions of equilibrium. A 
positive or negative trigger pulse causes 
the circuit to “flop” from one condition 
to the other. 

The circuit is similar to the basic 
multivibrator, except that the plate of 
each tube is connected to the grid of 
the other tube through a resistor. Thus 
the d-c. grid potential depends on the 
plate potential. 

If V, is nonconducting, its plate is at 
a high potential. This causes the grid 
of V, to be very positive and V, to be 
conducting. This is one of the two equi- 
librium conditions. 

A positive trigger causes nonconduct- 
ing V, to conduct slightly. This causes 
a negative plate signal at V, and a 
larger positive plate signal at V,. This 
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regenerative action quickly causes V, 
to become conducting and V, to be non- 
conducting. This is the other equilibrium 
condition. Another positive trigger acts 
on V,, starting another “flip-flop” of 
the circuit. The flip-flop action is the 
same as in the multivibrator. 

A negative trigger also can cause 
flip-flop action because it affects the 
conducting tube, causing a decrease in 
plate current and the initiation of fiip- 
flop trigger action. 

As two pulses are required for a com- 
plete cycle, the circuit is a scale-of-two 
counter. It is used in binary (scale-of- 
two) counting. 

Beat-frequency Oscillators 

A basic use of oscillators is changing 
the frequency of a sine wave by hetero- 
dyning. Heterodyning refers to the mix- 
ing of two sine waves of different fre- 
quency. When two such waves are fed 
into a nonlinear device (such as an un- 
biased tube or a diode), the output con- 
tains not only the two input frequen- 
cies, but also frequencies equal to the 
sum and difference of the two input 
frequencies. Thus a wave of any fre- 
quency can be heterodyned to a lower 
or higher frequency without altering 
its amplitude configurations. 

This principle is used in all super- 
heterodyne radio receivers and in the 
beat-frequency oscillator (BFO). In the 
superheterodyne receiver, the radio-fre- 
quency signal is lowered to an inter- 
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Fig. 28. Simplified schematic of 
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beat-frequency oscillator. 





mediate frequency by heterodyning the 
r-f. carrier wave with a signal from a 
local oscillator in the receiver. The 
lower intermediate-frequency signal 
then is amplified and demodulated into 
audio-frequency signals. 

In the beat-frequency oscillator (Fig. 
28), two high-frequency oscillators are 
heterodyned. The difference frequency, 
or beat frequency, in the output can be 
a low-frequency audio signal. By chang- 
ing one of the osciliators, a large per- 
centage change in frequency of output 
is obtained. 

In order to produce sum or difference 
frequencies by heterodyning two fre- 
quencies, it is necessary that the mixing 
device be nonlinear—that is, a better 
conductor in one direction than in the 
other. A diode or an amplifier tube with 
a nonlinear characteristic can be used. 
Special tubes with several grids for 
mixing signals are called mixers, or 
pentagrid converters. 


Shock-excited Oscillator 


Fig. 29 shows a resonant tank in the 
cathode circuit of a tube. As the grid is 
at a positive potential, the tube is nor- 
mally conducting. 

If a large negative signal is applied 
at the input, the plate current is in- 
terrupted suddenly. The resonant tank 
then is shocked into oscillation, which 
gradually dies out—that is, the output 
is a damped oscillation. The oscillator 
sometimes is called a ringing oscillator. 

The circuit would provide an output 
if the tube were non-conducting and if 
a positive pulse were applied at the in- 
put. However, the oscillation would die 
out more rapidly because the low con- 
ducting plate-resistance of the tube is 
effectively in parallel with the tank. 
When the tube is suddenly cut off, the 
tube is a high resistance in parallel with 
the tank and does not provide much 
damping. 

The circuit is used in timing and 
radar applications by applying an ac- 
curately timed negative pulse (called a 
gate pulse) at the input. Thus a precise 
number of oscillations can be obtained 
for the duration of the gate pulse. 


UHF Oscillators 
Resistance-capacitance oscillators and 

beat-frequency oscillators can produce 

audio frequencies. Crystal-controlled 
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Fig. 29. Shock-excited oscillator. 








Fig. 30. Cavity resonator. 


and magnetostriction oscillators can 
produce ultrasonic frequencies. Oscil- 
lators with conventional parallel-reso- 
nant L-C tanks operate satisfactorily 
up to about 100 Mc.; above this fre- 
quency, however, the capacitance and 
inductance become too small for practi- 
cal use. 


Butterfly Tanks 


Above 100 Mc., the inductor can be 
made into a single turn, and the rotor 
plates of the capacitor can be shaped 
like a butterfly. Motion of the rotor 
plates fills the air space and varies both 
the inductance and the capacitance. In 
practice, one knob varies both. Butter- 
fly tanks are used with acorn and door- 
knob tubes for frequencies up to sev- 
eral thousand megacycles per second. 


OUTPUT 
TERMINAL 


conventional tubes from operating at 
microwave frequencies, thus is utilized 
to produce oscillation. Klystron and 
magnetron oscillators often are con- 
structed with built-in cavity resonators. 

The principle of operation of all ve- 
locity-modulated tubes, klystrons and 
magnetrons is interaction of the elec- 
tron beam and the electromagnetic field 
produced in the resonant cavity. As elec- 
trons pass near the cavity, oscillation 
(electromagnetic field) is induced in the 
cavity. This field acts on the electrons, 
accelerating electrons on positive peaks 
and decelerating them on negative 
peaks. It is this interaction between 
field and electrons that produces elec- 
tron bunches. The bunches then produce 
strong oscillations when they sweep 
through the cavities. 
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Fig. 31. Klystron. 


Above this frequency special tubes that 
utilize electron transmit time (klystrons 
and magnetrons) are used with cavity 
resonators as the resonant element. 


Cavity Resonators 


Cavity resonators are the resonant 
tanks used at microwave frequencies— 
that is, above 1000 Mc. The most com- 
mon type resonant cavity is the re- 
entrant cavity, shown in Fig. 30. 

The term “reentrant” refers to the 
fact that a section of the cavity is di- 
rected inward and made narrow. The 
narrow section is made of a grid or lat- 
tice so that electrons can pass through. 
If ¢lectrons pass through in bunches, 
they excite electromagnetic oscillation 
in the cavity. The shape and size of the 
cavity determine the resonant frequen- 
cy; the reduced section is primarily ca- 
pacitive, the outer volume is primarily 
inductive. A tuning method consists of 
changing the width of the capacitive 
gap. The trade-name “Rhumbatron” is 
used sometimes to identify resonant 
cavities. 

In order to excite oscillation in the 
cavity, electrons must pass through or 
near the gap at appropriate intervals. 
Electron transit time from cathode to 
plate, which is the factor that prevents 
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and travel through the buncher and 
catcher cavities. As they pass through 
the first reduced section, or buncher 
grids, they induce a resonance in the 
first (buncher) cavity. As the electrons 
travel through the drift space, slow elec- 
trons lag behind fast electrons and 
groups of electrons are formed. The 
groups pass through the catcher grids 
and excite strong oscillation in the 
upper (catcher) cavity. This cavity pro 
vides both the output cnd feedback 
signal. When feedback from the output 
to the input terminal is of proper po- 
larity, a microwave oscillation is sus- 
tained. The first cavity is called a 
buncher because it causes the bunching 
of electrons in the drift space. 

In the reflex klystron, a negative 
plate repels the bunches so that they 
pass through the single cavity in the 
opposite direction. Thus one cavity 
serves as both buncher and catcher. This 
type is used widely as a loca! oscillator 
in UHF radar receivers. 
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Fig. 32. 


Magnetron 


The magnetron, like the klystron, is 
a velocity-modulated vacuum tube that 
uses motion of electron bunches to in- 
duce oscillations in a microwave reso- 
nant cavity. However, the bunches of 
electrons are formed by bending the 
electron beam with a strong magnetic 
field directed perpendicular to the di- 
rection of motion of the electrons. The 
magnetic field causes the electrons to 
travel in a cyclical path, as shown in 
Fig. 32. As the electrons pass the open- 
ings leading to the resonant cavities, 
they induce oscillation in the cavities. 
The electromagnetic field in turn causes 
the electrons to form bunches. The elec- 
tron bunches travel in cyclical paths 
from cathode to anode and also rotate 
around the cathode. They pass each 
opening to each resonant cavity at the 
proper instant induce and sustain 
oscillation in the cavity. The output is 
taken from a small pickup loop brought 
near one of the cavities. Strong oscilla- 
tions are developed in the cavities, which 
are a part of the anode block of the 
magnetron. 

The magnetron is particularly useful 
as a generator of high-power pulses of 
microwave energy. It is the source of 
high-power pulses of UHF energy in 
most military and navigation radars. 


to 


3. THE CATHODE-RAY OSCILLOSCOPE 

This instrument uses a cathode-ray 
tube for making signals visible. It has 
great utility as a servicing tool because 
it permits, as no other instrument does, 
visual observation of the shape and 
waveform of the signal in a circuit. The 
principles of the CRO are used also in 
television and radar. 

The cathode-ray tube (Fig. 33) has 
an electron gun that produces a beam 
of electrons. The beam focused 
that it strikes a fluorescent screen at a 
point. The point of impact is visible be- 
cause light is emitted when the beam of 
electrons strikes the fluorescent ma- 
terial. 
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Path of electrons in magnetron. 
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Fast ancee 


The oscilloscope makes it possible to 
rapidly changing electrical volt- 
ages because the electron is the lightest 
known mass and yet is endowed with a 
charge. Owing to its infinitesimal mass, 
it has negligible inertia and can be 
started, moved, and stopped with neg- 
ligible delays (in the order of thou- 
sandths of a microsecond). The charge 
on the electron makes it possible to 
accelerate and decelerate the electron 
by bringing a voltage (an electric field) 
near the electron. This is done in the 
cathode-ray oscilloscope by applying the 
signal to be observed to the vertical- 
deflection plates (through an amplifier). 
Variations in voltage of this signal 
cause the spot to move vertically in in- 
stantaneous response to the signal vari- 
ations. At the same time, the spot 
swept horizontally the screen 
(from left to right) by a sweep signal 
applied to the horizontal-deflection 
plates. The result is a pattern on the 
screen, showing the waveform of the 
signal applied to the vertical-deflection 
plates. Fig. 34 shows 4 cycles of an 
applied sine wave; this pattern is pro- 
duced when the horizontal sweep fre- 
quency 4th the frequency of the 
signal observed. 


Tubes 


Types. There are two types of cath- 
ode-ray tubes—electrostatic and mag- 
netic. The electrostatic cathode-ray 


‘see” 


1s 


across 


is 


Cathode-ray 


f 


Fig. 34. Oscilloscope pattern showing 4 cycles 
of a sinoidal signal. 
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tube, shown in Fig. 33A, uses electric 
fields to focus the beam and to deflect 
the spot both horizontally and verti 
cally. As an electron can be deflected by 
a magnetic field as well as by an electric 
field, magnetic fields produced by cur- 
rent in coils around the neck of the 
tube can perform the same functions as 
the electrostatic fields produced by the 
plates inside the electrostatic tube. Fig. 
33B shows a CRT that uses magnetic 
fields to focus and deflect the beam. 
The focus in the magnetic type 
produces the field that focuses the beam. 
Two crossed pairs of coils in the deflec- 
tion coil are used for vertical and hori 
zontal deflection of the spot. 

The 
tubs 
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Electron gun. This term refers to the 
cathode, filament, grid, and first two 
anodes, which produce the collimated 
beam. The first and second anodes focus 
the electrons into a sharp beam. The 
first anode often is called the focusing 
anode; the second anode often is called 
the accelerating anode. Although both 
electrodes accelerate and focus the 
beam, the first-anode potential is varied 
to adjust the focusing. 
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ring, is cemented to the inside glass and 


no Aquadag coating is required 


Fluorescent The screen con 
sists of chemicals deposited on the in- 
side face of the cathode-ray tube. Tubes 
are available with materials that fluor- 


screen, 





TABLE 4. STANDARD RTMA PHOSPHORS 





Applications 


Persistence Composition Fluorescence Phosphorescence | 


Visual observation. High efficiency of P1 screen results in bright traces 
at relatively low accelerating potentials. 


Zine orthosili- Green 


cate 


Medium 


employing accelerating po- 
for high-speed single 


General purpose sereen for oscillographs 
tentials of 4,000 volts or more. High efficiency 
transients. 


Long or short Zine sulphide Blue-green Yellow-green 


General oscillographic use. Not as efficient as Pi. Persistence has 


exponential decay that is chiefly of interest in television 


Zine Sery!lium Yellow Yellow 
silicate 

Zine sulphide 
and zinc beryl- 
lium silicate 
Calcium tung- 
state 

Zine sulphide 
and a complex 
compound of 
zine and cal- 
cium sulphide 
Zine sulphide 
cascaded on zinc 
and calcium sul- 
phide 

Calcium phos- 
phate 


Medium 


Medium White White Used primarily for television picture tubes 


Used primarily for photography on continuous-motion film for frequen- 
cies above 200 ke. Not as actinic as P11 


Short Blue Blue 


Medium White White Developed chiefly for use in color television 


Developed originally for radar. Similar in characteriaties to P2 screen, 
but has longer persistence. Useful for radar, intcgrating noise, and 
repetitive phenomena and low speed transients 


Long or short Blue-white Yellow 





Same as P7 


Very long persistence with high definition, developed primarily for 


radar applications. 
Used chiefly for radar. Pattern erased by infra-red irradiation 


Long White White 
Magenta on 
White 
Blue-green 


Magenta on 
White 
Blue 


Potassium chlor- | 
ide 
Zine sulphide 


Nearly 
permanent 


Short has higher visual and 


is slightly greater 


recording ; 
but persistence 


for oscillographic 
P5, 


Used primarily 
photographic efficiency than 
than PS 

Used primarily for fire-control radar for scanning rates of from 4 to 
16 scans per second 

Developed for radar operating at a scanning rate of about 1 sean per 


Zine magnesium Orange Orange 


fluoride 


Long 


White Orange 


Zine sulphide 
cascaded on ZnS 
and CaS 

Zine oxide 


Long 


Very Short 


Zine oxide 
cascaded on 
P7 screen 


| One component 
extremely short 
Other component 
long 
Magnesium 
fluoride 


Very long 


second. Also for moving-target indication 


Blue-green Blue-green 


Shortest persistence presently available. Used primarily in flying-spot 


seanners or for high-resolution, high-frequency continuous motion re 
cording. Not as actinic as P11. 


Greenish- Yellow 


yellow 


Orange 


Radar indication, 


Used chiefly for radar. Has more light output than P7 sereen 


particularly for night application 





esce with green, white, blue or yellow 
color; green and white are used most 
commonly. After the impact of an elec- 
tron, the glow persists for a fraction of 
a second. The duration of the afterglow, 
or persistence, is what makes the trace 
visible. Tubes of various persistence are 
available (see Table 4). 

Positioning. The spot can be _ posi- 
tioned anywhere on the face of the 
cathode-ray tube by (1) changing the 
d-c. operating potential of the deflect- 
ing plates in electrostatic tubes or (2) 
changing the direct current in the de- 
flection coils of magnetic tubes. 

Intensity. The intensity of the beam 
is controlled, or modulated, by adjust- 
ing the grid-cathode bias, which deter- 
mines the number of electrons in the 
beam. This intensity modulation of the 
beam often is referred to as the Z axis 
of the tube—that is, the spot can be 
varied horizontally (X-axis), vertically 
(Y-axis), or in intensity (Z-axis). 





of Oscilloscope 


Components 


Fig. 35 shows the basic components of 
an oscilloscope—(1) cathode-ray tube, 
(2) horizontal-deflection amplifier, (3) 
vertical-deflection amplifier, (4) sweep 
generator, and (5) power supply. 

Sweep Circuit. For observing a sig- 
nal, the spot is swept across the tube 
from left to right. The spot then is re 
turned rapidly to its starting point; the 
spot is blanked out during the small 
interval in which it “retraces” to its 
starting point. Except for this short 
retrace interval, all signal variations 
can be seen on the screen. 

The sweep generator 
signal that sweeps the 
tally across the tube. It usuaily 
relaxation oscillator that produces a 
linear sawtooth waveform. It is adjust 
able in frequency of operation, and is 
provided with means for synchronizing 
the sweep generator with any external 
signal. This is called external syne. The 
sweep generator can be synchronized 
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Fig. 35. Basic components of a cathcde-ray oscilloscope 


aiso with a portion of the signal taken 
from the vertical-deflection circuit. This 
internal synchronization causes the 
sweep generator to oscillate at exactly 
the same frequency (or a submultiple) 
of the signal to be observed, resulting 
in a stable, visible pattern. 

Deflection amplifiers. The vertical 
deflection amplifier amplifies the signal 
to be observed. It usually is a wide- 
band R-C-coupled video amplifier with 
push-pull output for driving the two 
vertical-deflection plates in 
polarity. 

The horizontal-deflection amplifier 
amplifies either the signal from the 
sweep generator (when an_ internal 
sweep-signal is used) or any external 
signal appl.ed to the input posts marked 
HORIZONTAL INPUT. As it usually 
ceives the large signal from the sweep 
generator, the horizontal-deflection 
amplifier does not require as much 
wain as the vertical-deflection amplifier, 
which receives unknown signals of all 
amplitudes. The  horizontal-deflection 
amplifier, like the vertical-deflection 
amplifier, has push-pull output for driv- 
ing the two horizontal-deflection plates 
in opposite polarities. 

As the horizontal- and vertica)-de 
flection amplifiers of most oscilloscopes 
are R-C coupled, they cannot handle 
d-c. signals. Therefore, the deflection 
plates usually are connected to external 
that d-c. signals can be 
served by applying them directly to the 
posts (Fig. 35). As no amplification 
precedes signals applied directly to 
these posts, only signals of relatively 
large amplitudes (volts) can be 
served in this manner. In other words, 
the deflection sensitivity of the defle 
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tion plates is several volts per inch 
deflection. Some oscilloscopes provide 
for d-c. amplification. 

Power Supplies. The power supply 
must supply conventional plate and 
screen potentials of several hundred 
volts, and a high potential for the ac- 
celerating and intensifier (Aquadag) 
anodes. In conventional oscilloscopes the 
accelerating potential is about 1500 
volts; the intensifier voltage is about 
3000 volts. 


Typical Oscilloscope Characteristics 


The following characteristics empha- 
size the important features and re 
sponses of a typical test oscilloscope: 

X and Y amplifiers. Response down 
less than 10 percent at 100,000 eps.; 
less than 50 percent to 300,000 cps. 
This means that both X and Y ampli 
fiers are useful for observing wave- 
forms with frequency above 300,000 
cps. 

Vertical deflection factor. Through 
vertical amplifier at full gain: 0.01- 
rms. volt input signal causes 1-inch 
vertical deflection of spot. When signal 
is applied direct to plates: 18-rms. volts 
produce 1-inch vertical deflection. 

Horizontal deflection factor. Through 
X-axis amplifier: 0.05-rms. volt per 
inch. Direct to plates: 21-rms. volts per 
inch. 

Sweeps. Recurrent and driven linear 
sweeps variable in frequency from 2 
to 30,000 cps. Provisions for extra-low 
frequency sweeps. Return trace auto 
matically blanked. Sweep may be syn 
chronized by signal of either polarity. 
All sweeps can be expanded to six times 
screen diamete. for study of high-fre- 
quency components of low-frequency 
signals. 

Intensity modulation. Externa! nega- 
tive signal of 15 volts (peak) will blank 
beam at normal! intensity settings. 


l’ses 


The oscilloscope is one of the most 
useful tools in the laboratory or instru- 
ment department. It combines the func- 
tions of several instruments and can 
perform a variety of tasks. It has five 
basic uses—(1) observation of wave- 
form, (2) measurement of frequency, 
(3) measurement of phase, (4) meas- 
urement of voltage, and (5) measure- 
ment of time. 

The primary use in observation of 
waveform; signals can be traced 
through a circuit and sources of dis- 
tortion can be found merely by observ- 
ing the signa) at various points in a 
circuit. 

Another important use is the deter- 
mination of the frequency of an un- 
known signal by comparison with a sig- 
nal of known frequency. For this appli- 
cation no sweep signal is used. The 
known signal is applied to one set of 
deflection plates and the unknown is 
applied to the other set. Fig. 36 shows 
patterns for various ratios of frequen- 
cies. Note that the ratio of frequencies 
is found from the number of times that 
the waveform reaches a maximum in 
horizontal and vertical directions. 
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When two waves of the same ampli- 
tude and frequency are applied to the 
deflection plates, variations in phase 
between the waves produce the patterns 
shown in Fig. 37. The phase relation of 
the signals is observable from the pat- 
tern. 

The oscilloscope can be used as a 
voltmeter for d-c. or a-c. signals by 
calibrating the deflection-plate sensi- 
tivity or deflection amplifiers. 

For time measurement, the linear 
horizontal sweep is used. As the sweep 
is a linear time base, the duration of 
signals as well as the duration between 


signals can be measured. This is the 
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Fig. 36. Lissajous patterns produced when 
signals of different frequencies are applied to 
the two deflection systems. Ratio of frequencies 
in A is 1:1, ratio in B is 2:1, ratio in C is 
3:2; ratio in D is 4:1. 
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Fig. 37. Patterns when signals of same fre- 
quency but different phase are applied to the 
two deflection systems. A, phase difference is 
6 deg.; B, phase is 45 deg.; C, phase is 90 
deg.; D, phase is 180 deg. 











basis of radar, in which the time for a 
pulse to travel from transmitter to tar- 
get and for the echo to return to the 
receiver is indicated in terms of a dis- 
placement of a signal on the face of a 
CRT. This also is the principle of ultra- 
sonic thickness gages. 

Some jobs performed regularly by os- 
cilloscopes (with auxiliary apparatus) 
are: Measurement of phase shift across 
electric wave filters, measurement of bi- 
as distortion of teletype signals, meas- 
urement of inductance to 0.1 percent 
when used with precision capacitors, 
nu'l-detector indicator, measurement of 
distortion in amplifiers, measurement of 
the Q or dissipation factor of capaci- 
tors, measurement of reflected impe- 
dance, measurement of voltage-ratio of 
transformers, adjustment of decimal 
counting unit, frequency monitoring, 
etc., ete. 

Synchroscope. An oscilloscope with a 
single sweep that is generated only 
when a synchronizing signal is provided 
is called a synchroscope. Synchroscopes 
ave useful for observing short pulses 


which may or may not be repetitive. 
The pulse to be observed is fed to the 
vertical-deflection plates through a de- 
lay device that delays it for a period of 
microseconds. During the delay period, 
the pulse triggers the sweep, so that the 
spot is near the center of the tube be- 
fore the deflection occurs. Note that the 
oscilloscope described previously has a 
driven, as well recurrent, sweep avail- 
able. Hence this test oscilloscope can be 


called a “synchroscope.” 


Maintenance 


If not maintained properly, oscillo 
scopes develop troubles which show up 
in failure of the instrument to provide: 

1. Correct sensitivity (gain), to per- 
mit the oscilloscope to be used as a 
VTVM when its sensitivity in inches 
deflection per rms. volt is known. 

2. Correct frequency response. Most 
modern oscilloscopes have useful sensi- 
tivity to above 200 ke.; special pulse os- 
cilloscopes operate flat to several mega- 
cycles. 


C D 


Fig. 38. Typical patterns. A, normal @-degree 
phase-shift pattern; B, same as A, except oscil- 
loscope has distortion in vertical amplifier. 
caused possibly by overloading; C, same as A, 
except signal has second-harmonic distortion: 
D, sinoidal signal with superimposed noise. 
originating either from outside the instrument 
or from noisy tubes within. 


3. A fine, pencil-thin trace. This is 
indispensable for critical measurements 
of inductance, capacitance, dissipation 
factors, phase shift, and distortion. 

4. Freedom from drifting pattern or 
microphonics. 
5. Proper 

focus controls. 

6. Adequate re-trace suppression and 
linearity of sweep. 

7. Pattern of ample intensity, which 
should be seen clearly in areas of high 
ambient light. 

Routine service iacludes, in order of perform 

(1) check and renewal of vacuum tubes 
physical check, (3) test and correction for 
line, (4) power-supply check, (5) 

check, (6) frequency-response check, 
and check, 


(9) 


operation of sweep and 


ance 
(2) 
thin 
tivity 


sensi 
(7) 
positioning control (8) 
check, 
final service of panel 
patterns for 
high 
trace 


caused 


balance 
sweep-signal frequency retrace 
blanking check 10) 
controls for noise. Fig. 38 
defects. Fig. 39 
oscilloscope i 


and 
shows 
shows the 
the 


sone comtinon 
section of an 
focus, the trouble is 
» with age of the resistors in the high 
string. The frequency response 
rapidly by use of a square-wave gen 
Fig. 40 shows inadequate retrace suppres 
sion; an capacitor is provided for 


voltage 


will not probably 


can be 
checked 
erator 
adjustment 
correction 
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Fig. 39. Electron-gun circuit, including focus and intensity controls, of a typical oscilloscope. 


Operating an oscilloscope near a large power 
transformer, a line-voltage stabilizer or other 
large electromagnetic field will cause deflection 
of the amplifiers, fuzziness of pattern, spurious 
60-eycle deflection, and abnormal results 


4. TUBE TESTERS 

Vacuum tubes can fail for many rea- 
sons: coated cathodes lose emission be- 
cause the cathode coating flakes off; 
impregnated emitters of filament-type 
tubes become exhausted with age; air 
can leak into the tube through defective 
seals and “poison” the emitting surface; 
vibration can cause shorts or opens. 
Commercial tube testers usually pro- 
vide means for testing for emission, 
quality, shorts, noise, and gas. 

There are several types of tube 
testers, the two most common being the 
emission type and the mutual-conduc- 
tance type. The former, which is the 
less expensive, usually connects all 
grids, screens, and plates together and 
checks for electron emission only. The 
latter applies an a-c. signal to the grid 
of the tube and tests the signal output 
of the tube. 

The RTMA (Radio and Television 
Manufacturers’ Association) proposes 
to classify tube testers into four classes 
as follows (Fig. 41): 

Class I—Emission-type tester, a de- 














vice incorporating a circuit in which the 
indication is related primarily to the 
emission of the tube being tested. 

Class 1l—Control-emission type test- 
er, a device incorporating a circuit in 
which the indication is related jointly 
to the emission and to the control char- 
acteristics of the tube being tested. 


Qf 


Fig. 40. Examples of inadequate retrace sup- 


pression. 

Class I1I—Control-type tester, a de- 
vice incorporating a circuit in which the 
indication is related primarily to the 
control characteristics of the tube being 
tested. 

Class [V—M utual-conductance-type 
tester, an instrument incorporating a 
circuit which permits quantitative meas- 
urement of g,,. 

The emission type uses only a-c. po- 
tentials and no grid signal. The control- 
emission type uses a-c. potentials also, 
but with grid signal. The control type 











Minos 


. 41. Proposed classification of tube testers. 


analyzes the signal output, rather than 
measuring plate current only. The con- 
ductance type uses d-c. operating po- 
tentials and signal measurements so 
that the dynamic mutual conductance 
of the tube (Al,/AE,) can be measured. 


5. FREQUENCY METERS 
(Wavemeters) 

Frequency meters are classifiable by 
operating principles as (1) mechanical, 
(2) electrical, and (3) electronic. All 
three classes are dealt with in the chap 
ters on Electrical Measurements and 
Regulation, and on Speed Measurement 
and Control. There are two types of 
frequency meters—“EPUT meters” 
(see Chapter VIII) and wavemeters. 
There are two types of wavemeters 
absorption and heterodyne. 

The absorption type is simply a res- 
onant tank with a method for indicat- 
ing the current in the tank. When the 
resonant circuit is brought near an os- 
cillator, oscillation is induced in the 
tank if the tank is tuned to the fre 
quency of the oscillator. The current in 
the tank can be indicated by a neon 
glow lamp (for high-power measure- 
ments) or a_ rectifier-type p-m. m-c. 
movement. The advantages of absorp- 
tion-type wavemeters are (1) simplic- 
ity and (2) they oscillate only at their 
fundamental frequency; for this reason 
they are used commonly to check if a 
transmitter is operating on the correct 
multiple of its oscillator frequency. The 
disadvantage of absorption-type wave 
meters is that they detune the oscillator 
when coupled to it. Hence they cannot 
be used for precise frequency measure- 
ments. 

Absorption-type wavemeters are 
available at all radio frequencies. Paral- 
lel-resonant tanks are used at low, 
medium, and high radio frequencies. 
Butterfly tanks are used in the VHF 
band. Tuned cavities are used in UHF 
and SHF bands. 

The heterodyne type of wavemeter 
uses an accurately calibrated oscillator 
to heterodyne against the unknown; a 
zero beat frequency is produced when 
the two oscillations are at the same 
frequency. Precautions must be ob 
served when using heterodyne-type fre- 
quency measurements to assure that 
measurements are not being made with 
harmonics (rather than the desired 
fundamental frequency) of the cali 
brated oscillator. Any secondary fre 
quency standard (including WWV 
transmissions) can be used in this man 
ner to measure and to adjust the fre 
quency of transmitters and receivers. 


6, FIELD-INTENSITY METERS 
A field-intensity meter is essentially 
a portable radio receiver with a method 
for indicating the strength of a re- 
ceived signal. When used with a direc- 
tive antenna, such as a loop antenna, 
they can be used to locate interfering 
signals, check field patterns, ete. 
ACKNOWLEDGEMENT 
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JOCKETSCOPE 


The Pocket-Size Oscilloscope 
Pe: GE EE: 
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Featuring small size, light weight and ovtstaending performance the HIGH, WIDE and TWIN 
POCKETSCOPES have become the "triple threat" of the oscilloscope field. Their incomparable versatility, 
reliability and accuracy have skyrocketed this team of truly portable instruments into unparalleled 
demand. Each oscilloscope features DC coupled amplifiers in both vertical and horizontal channels. 


The S-14-B WIDE BAND POCKETSCOPE is ideal for 
HIGH The S-14-A WIDE investigations of transient signals, DC signals, aperiodic 
HI-GAIN pulses or recurrent waveforms. Vertical channel: 50 mv 

POCKET. rms/in. within —2DB from DC to 700 KC... pulse rise 

SCOPE provides the optimum in | time of 0.35 us. Horizontal channel: 0.15v rms/in. within —2DB from DC to 200 
oscilloscope flexibility for analysis | KC... pulse rise of 1.8 us. Attenuators and gain controls are non- frequency 
of low-level electrical impulses. | discriminating... trace amplitude calibration . . . repetitive or triggered time base 
Extremely light weight (12%4 lbs.), | from 14 cycle to 50 KC... + syne or trigger ... trace expansion, filter graph 


compact in size (12x54 x7 in.), | screen and many other features... 14 lbs... . 12x ‘6 x 7 inches. 


—— — 3s mot eb al T he S-15-A | mv rms/in. with response within—2DB 
channels: 10mv rms/inch with re- TWIN POCKETSCOPE | from DC to 200 KC and pulse rise time 
sponse within 2DB from DC to is a portable, twin | of 1.8 ys . . . horizontal channels lv 
200 KC and pulse rise of 1.8 us — tube, high sensi- | rms/in. within —2DB from DC to 150 
_non-frequency discriminating | “Y!tY oscilloscope with two independ- | KC . . . non-frequency discriminating 
attenuators and gain controls with ent vert ical as well as horizontal chan- controls pis internal signal amplitude 
internal calibration of trace ampli nels. [t is indispensable for investigation | calibration . . linear time base from 
of electronic circuits in industry, school | '% cycle to 50 KC, triggered or repeti- 


tude... repetitive or trigger time - 7 . : 
amend Sg - asec ete pe eaing ipie and laboratory. Vertical channels 10 | tive, for both horizontal channels. 


to 50 KC with + syne or trigger The S-11-A INDUSTRIAL POCKETSCOPE is a small, 
S ] ] A compact (5x7x11 inches), and lightweight (834 lbs.) instru- 
_ " ment for observing electrical circuit phenomena. The flexi- 
bility of the POCKETSCOPE permits its use for AC 
measurements as well as for DC. The vertical and horizontal amplifiers are 
capable of reproducing within —2DB from DC to 200 KC with a sensitivity of 
0.1v rms/in.... repetitive time base from 3 cycles to 50 KC continuously variable 
throughout its range .. . variations of input impedance, line voltage or controls 
do not “bounce’’ the signal—the scope stabilizes immediately. 


6 RAYONIC CATHODE RAY TUBES BY WATERMAN 


PHYSICAL DATA | STATIC VOLTAGE DEFLECTION: The basic properties of the cathode ray tube that 
| LENGTH ae ee vert | HOR : concern the designer or ~he user are: deflection sensi- 














tivity, unit line brightness, line width, static voltage 
requirements and physical size. A comparison between 
cathode ray tubes manufactured by Waterman Prod- 
ucts Company is shown in the table adjoining. These 
tubes are available in P1, P2, P7 and P11 phosphors. 
3JP1, 3JP7, 3SP1 and 3XP1 are available as JAN tubes. 
































Write for your complimentary copy of "POCKETSCOOP" + Official Waterman publication. 
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PULSESCOPE . 


The Oscilloscope that Portrays the Pulse 
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oto Example of Prison Engining. F 


The PULSESCOPES are cathode ray tube oscilloscopes that portray the attributes of 
the pulse: shape, amplitude, duration and time displacement. Ali PULSESCOPES have 
internally generated markers with the basic difference that in the SAR PULSESCOPE 
the markers initiate the sweep while in the others the sweep starts the markers. 


BROA BROAD’ BAND 
Scope is a 
PULSESCOPE 

in performance, POCKETSCOPE 
in size. The instrument measures 
DC as well as AC signals. Unique 
DC calibration methods permit 
rapid measurements of either posi- 
tive or negative, AC or DC signals. 
Vertical amplifier 
0.2v rms/inch, and response to 5 
mc within 3DB... pulse rise time 
of 0.1 us. . internal markers from 
1 to 1000 us .. . repetitive or trigger 
sweep from 5 cyc les to 500 KC with 
5X sweep expansion .. . sweep, 
marker and DC calibrating voltage 
available externally. Size 844 x 6%4 
x 1334 in. Weight 22 lbs. Operates 
from 50 to 400 cycles at 115 volts AC. 


A 
WATERMAN PRODUCTS 


sensitivity of 





The S-5-A LAB 
LAB PULSESCOPE is 
a JANized (Gov't 
Model No. OS-26) 
portable, AC, wide band-pass, labo- 
ratory oscilloscope ideal for pulse 
as well as general purpose measure- 
ments. Internal delay of 0.55 ys 
permits observation of pulse leading 
edge. Includes precision amplitude 
calibration, 10X sweep expansion, 
internal trace intensity time mark- 
ers, internal trigger generators and 
many other features. Video ampli- 
fier 0.lv p to p/inch... pulse rise 
time of .035 us or re sponse to 11 me. 
1.25 to 125,000 ,;* triggered or 
repetitive sweep . . . internally gene- 
rated markers from 0.2 to 500 us. 
trigger generator from 50 to 5000 
pps. for internal and external trig- 
gering. Operates from 50 to 400 
cycles at 115 volts AC. 


RAKSCOPE 





Because the panel is only 7’ 
——— rack, the S-12-B RAKSCOPE admira- 
y fills the need for a small oscilloscope of 


The S-4-C SAR 
SAR PULSESCOPE is 
a JANized (Gov't 
Model No. OS-4) 
portable instrument (31.5 Ibs.) for 
precision pulse measurements for 
radar, TV and all electronic meas- 
urements. Portrays all attributes of 
the pulse... internal crystal con- 
trolled markers of 10 and 50 us 
available for self-calibration . .. in 
R operation a small segment of the 
A sweep is expandable for detailed 
observation with a direct-reading 
calibrated dial accurate to 0.1°7 
Video amplifier band-pass up to 
1l mc... optional video delay 0.55 
us... pulse rise and fall time better 
than 0.07 us... R pedestal (sweep) 
2.4 to 24 us... video sensitivity of 
0.5v. p to p/inch. Easily convertible 
from us to yards. Operates from 50 
to 400 cycles at 115 volts AC. 


‘ high and fits any 


wide versatilicy. With all mae — of the S-11-A POCKETSCOPE, the 
RAKSCOPE is JANized (Gov't Model No. OS-11), and has many additional 


advantages; the sweep, from 5 cycles to 50 KC, 
vertical and horizontal arnplifiers are 50 mv rms/inch with band 


gered... 


is either repetitive or trig- 


pass from 0 to 200 KC. . . special phasing citcuitry for frequency Comparison. 


PHILADELPHIA 25, 


PENNA., U.S.A. 


CABLE ADDRESS, POKETSCOPE, PHILA. 
Manufacturers of POCKETSCOPES® + RAKSCOPES® +» PULSESCOPES® and RAYONIC® TUBES 
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MEASUREMENTS 
CORPORATION 


Throughout the world, Measuremenis’ reputation for 


accuracy and‘ reliability is your guarantee of satisfactory service 
y y y 3] y 


a “sl 4 ; 
oF i o 34.) z ! 
OUTPUT RANGE MODULATION 
AM. 0 to 100% 


01 microvon 400 cycles o 1000 cycles 
to 2.2 volts External mod., 50-10,000 cycles 


STANDARD SIGNAL GENERATOR MODEL 78 
FREQUENCY RANGE OUTPUT RANGE ‘ MODULATION 
AM. 8200-400 cycles 


625—400 cycles 
microvolts Fixed at approximotely 30% 


FREQUENCY RANGE | 


75 Ke.—30 Me 


D 15-25 Me.; 195-225 Me 
115-25 Me; 90-125 Me 1 te 100,000 
Other ranges on order 


STANDARD SIGNAL GENERATOR MODEL 78-FM 
FREQUENCY RANGE OUTPUT RANGE MODULATION 


Deviction 0-300 Ke. 2 ranges 
1 to 100,000 FM. 400 ond 6200 cycles 


microvolts External mod. to 15 Ke TANDARD 
STANDARD SIGNAL GENERATOR MODEL 80 : oe 


FREQUENCY RANGE OUTPUT RANGE MODULATION 


0.1 40 100,000 sete os eke ds GENERATOR 


mcrovols External mod., 50-10,000 cycles 


STANDARD SIGNAL GENERATOR MODEL 82 MODEL 80 


FREQUENCY RANGE OCUTPUT RANGE MODULATION 


86 Mc.—108 Mc 


2 Mc.— 400 Mc 


0-50 volts Continvously voriable 0-50% 


20 cycles to 200 Ke 
80% from 20 cycles to 20 Ke 


to 50 Mc O01 microvolt to 1 volt 


STANDARD SIGNAL GENERATOR MODEL 84 
FREQUENCY RANGE OUTPUT RANGE MODULATION MEGACYCLE ‘ 


0.1 te 100.000 AM. 0 to 30%, 400, 1000, of 2500 : 
nd . cycles Internal pulse modulotor METER 
microvoms External mod., 50-30,000 cycles ‘ 


STANDARD SIGNAL GENERATOR MODEL 84-TV ie pa MODEL 59 
FREQUENCY RANGE OUTPUT RANGE MODULATION * Whee 


Continuously variable Continvously variable 0 to 30% 
300 Mc. to 1000 Me trom External modulation 70 to 
0 1 microvolt to 1.0 volt 20,000 cycles 


STANDARD SIGNAL GENERATOR MODEL 90 U.H.F. FIELD STRENGTH METER MODEL 58 


FREQUENCY RANGE OUTPUT RANGE MODULATION FREQUENCY, RANGE INPUT VOLTAGE RANGE 

P Continvously variable, 0 to 100% 1 to 100,000 microvolts in antenna, | to 100 microvolts on 

150 me pa ee Se Sinusoidal modulation 30 cycles 15 Me to 150 Mc semi-logarithmic output meter, balanced resistance atteny- 
01 vol 5 mc. Composite TV modulotion ctor with ratios of 10, 100 and 1000 ahead of all tubes. 


PULSE GENERATOR MODEL 79-8 INTERMODULATION METER MODEL 31 


FREQUENCY RANGE PULSE WIDTH OuTPUT INTERMODULATION RANGE FREQUENCIES (CYCLES ANALYZER INPUT VOLTAGES Fe 


300 Me 1000 Mc 


60 to 100,000 cycles from to ground. “Sync Output” 35 v ee 
@3 w 60 alesse positive with respect to ground Full scole HF 3000 cps 3, 10, 30 volts RMS be 
a F. 


SQUARE WAVE GENERATOR MODEL 71 MEGACYCLE METERS MODELS 59LF—59—S9UHF 
FREQUENCY RANGE *+REQUENCY ACCURACY MODULATION 
Step attenvotor 75, 50 25. 15 Otme to 45 m™ CW or 120 cycles fixed o 


10, 5 peak volts fixed ond 0 to 22 me to 400 Me Wahn * 2% epproxmoately 30%. Provision 
430 Me to 940 M for external modylation 


# 


c muow vor 15 
Continuously vorvable | Approx. 150 y. positive with respect 3%, 10% ond 30% LF. 60 cps Full scole ranges of 1 
. 
; 


FREQUENCY RANGE WAVE SHAPE ouTPuT 


Bise tome tess thon O 2 


Continvously vorioble 
y microseconds with 


6 to 100,000 les 
nf as negh gible overshoot 25 volts continuously vanoble 


VACUUM TUBE VOLTMETERS CRYSTAL CALIBRATORS 


MODEL 62 MODEL 111 
VOLTAGE RANGE FREQUENCY RANGE INPUT IMPEDANCE FREQUENCY RANGE FREQUENCY ACCURACY HARMONIC RANGE i 
25 me Oxcilotor 25-450 Me. 
: 9 3, ~, ~~. 30 4 he Apprimimotety 7 mmid 250 Ke —1000 me ).007%, 1 Mc Oxcillator, 1.600 Me 
0-100 volts or over te < 10 mc. Oscillator, 10-1000 Me, 
i 


MODEL 111-8 


FREQUENCY RANGE FREQUENCY ACCURACY HARMONIC RANGE 
1 Mc. Oscillator; .1 — 450 Mc 


0005 to 300 volts 5 to 100,000 sine-wove T megohm shunted by Ke =? M. ee 
peat to peak cycles per second 30 mmta > 100 Ke 000 Mc 0 002% - = — Son Aa = 
a " P 


MODEL 67 
VOLTAGE RANGE FREQUENCY RANGE INPUT IMPEDANCE 


} 
SE eae ey cal 


MEASUREMENTS CORPORATION 
BOONTON NEW JERSEY 
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ae Fig} / phone ot ule, fib, 
/ if lf BE (tf, / ty 

for complete information regarding component type 

Tuning Fork Resonators, or variously pack 

aged Tuning Fork Frequency Standards. 
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The ever-increasing demand for Philamon Laboratories products obliges us to seek larger, improved quarters to seryé the 


Philamon Laboratories Ine. 


5117 THIRD AVENUE BROOKLYN 20. NEW YORK H Yacinth 2-4800 


needs of friends and customers. Look for an announcement of ovr new address sometime in February, 1955. 



































: 








7 7 
4 + $--+- 4 
t+ + -+-+4-+—-4 


FEEEE 





























GENERAL SCIENTIFIC 
CORP. 
12017 Vose Street 
North Hollywood 
California 


“atte GENERAL cae” 


e PRECISION WIRE-WOUND 
POTENTIOMETERS 


e ACCELEROMETERS 

e PRESSURE TRANSDUCERS 

e TEMPERATURE 
TRANSDUCERS 


Model M10-3000 


INSTRUMENTS AND 
COMPONENTS OF HIGH 
PRECISION 


LEFT: TEN TURN POTS 


mae | Mio. | MiO- M10 
ove 1009 2000 3000 
Housing die r Y,' 1% 


Model M10-1-00 11000hm | 1000hm! | ohm 


to 150K to 75K |\to 500K 
ae 


Model M10-2000 


Resist. Range 


Std. Lin. Tol. “9.5% | 20.5% | 70.5% 


Wattage Rating IW 2Ww Sw 





RIGHT: SINGLE TURN POTS 


SI Si 
Data 3000 5000 


Housing dia 2’ | 


Resist. R 5 obm 5 ohm 
ons enge to 100 K to 50 K 


Std Lin. Tol Model $1-500¢ 


Wattage Rating 


RECTILINEAR POTS Four ‘'standard" prod- 


ucts, with many variations 
possible. Let us develop 
a Rectilinear Potentiom- 
eter to your specific 
needs 


Model 2R-2000 
WRITE US FOR BROCHURES ON POTENTIOMETERS 
j ay roe ve le 106 on inquiry card 
176 


repeats 


within .0001" 


actuating force 


no overtravel 
problem 


Frees the designer for new methods and new ac- 
curacy. Frictionless. Temperature stable. 

Used to gauge, weigh, control, position — 
wherever a physical displacement takes place. 
Can be actuated by changes in pressure, flow, 
dimensions, weight, or force. ‘ 

For complete data write for Ateotran Electronic 
Precision Switch Bulletin, Automatic Tempera- 
ture Control Co., 5240 Pulaski Avenue, Phila. 44, 
Pa. In Canada: Powerlite Devices, Ltd., Toronto, 
Montreal and Vancouver. 


atcotran 


3G tee gel, ite 
PRECISION SWITCH 


ation circ 





INTERNATIONAL RECTIFIER 


so pil 
= Diodes 


ESPECIALLY DESIGNED FOR EQUIPMENT 
OPERATING IN LIMITED SPACE AND 

-6 TO +100 C AMBIENT 
TEMPERATURE RANGE 





1521 €. Grand Ave. El Segundo, Calif - Phone: ORegon 8-6281 
CHICAGO: 205 W. Wacker Drive - Phone: Franklin 2-3889 
NEW YORK: 501 Madison Avenue - Phone: Plaza 5-8665 
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NEW VECTRON VFS 250 


Variable Frequency 
Power Supply 


FOR TESTING: 


AIRBORNE ELECTRONIC EQUIPMENT 
AIRBORNE ELECTRICAL SYSTEMS 
SERVO / MPLIFIERS AND EQUIPMENT 
SYNCHRO AND SELSYN SYSTEMS 
TRANSFORMERS AND INDUCTORS 
EXPORT AND FOREIGN EQUIPMENT 


FOR POWERING: 


VIBRATION SHAKERS 
CHOPPERS AND VIBRATORS 
MAGNETIC AMPLIFIERS 


FOR CONTROLLING: 


SYNCHRONOUS MOTORS 
PROCESSING EQUIPMENT 


Full negative feedback networks for instantaneous 
voltage control. 

Built-in two range stabilized frequency generator. 
Grounded oviput with polarized receptacle for 
maximum safety. 

Full accessibility to all tubes and components. 
Compact, semi-portable package for bench use. 


Output Power 250VA continuous 
at 100 to 130 V 300V A intermittent 
Output Frequency —————— 45-2,000 cycles 
Output Voltage —-————— 0-130 Volts 
Ourput Regulation j + 1% to 1,000 cycles 
zero to full load + 2% to 2,000 cycles 
Line Regulation { + 1% maximum change 
at 250VA for 105-125V input 
Flexible, can be mpetied with limited frequency ranges 45-75 cycles 
and/or 420-480 cycles, with stabilized single frequency tuning fork or 
single range to cover entire frequency spread as required. An external 
frequency source may be used, Cao be furnished 
with complete page | programming equipment 
built in for fixed or variable cycle oy of Ms 
voltage, current and/or frequency can be inclu 
For detailed information, see your Vectron Com- 
mercial Test Equipment Representative or write 
direct for “Advance Bulletin” VFS 250. 


ll VECTRON, inc 
ockionie and Elactio’ Dechanical 


396 MAIN STREET, WALTHAM 54, MASS. 


TRON FOR DESIGN AND MANUFACTURI 


ntrol Motors 


nformation circle 1910 on inquiry card, 


direct reading MODEL 


INPUT 

1 Volts RMS 
FREQUENCY RANGE 

20 to 100,000 CPS 
GATE TIME 

1 second (.1 and 10 sec. 
available 


! STABILITY 
* Short Term 1 part in 105 


10¢ with crystal oven) 
ACCURACY 

Inherent + 1 Event 
TIME BASE 

100 KC Crystal Oscillator 


FREQUENCY COUNTER 
pariatle | STRAIGHT eaten) COUNTER 
| TACHOMETER 


DS-6100 FREQUENCY COUNTER : 


MULTI-SAMPLING 

3 to 60 second manual 
MANUAL RESET 
Display until reset 
AUTOMATIC RESET 
Display .5 to 6 sec. 
variable 

READ-OUT 

direct in events per sec. 
to 100,000 

SIZE and WEIGHT 
1444” W x 742” H x 
13172” D 

approx. 28 pounds 


Oven Available 


OMPUTER MEASUREMENTS 
DIVISION OF THE 


5528 Vineland Ave., Dept. 85-C No. Shr weapon Calif. 
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CHAPTER XII 
FIDELITY OF RESPONSE 


(Dynamic Properties of Systems and Components) 
By M. F. BEHAR 


1. ARBITRARY DIVIDING LINE 


To the instrument user, the dividing 
line between statics and dynamics is 
indefinite—and rightly so. In discussing 
the STATIC measuring properties* it 
was necessary to touch upon some dy- 
namic effects which influence static ac- 
curacy. These effects are not ordinarily 
thought of as dynamic. For example, 
frequency, wave-form and power factor 
influence the accuracy of an a-c. indi- 
cating wattmeter; but the user of this 
indicator instinctively puts these three 
conditions in the same category as tem- 
perature, magnetic fields, dust, moisture 
and vibrations—all eight being common 
enemies of “steady-state” accuracy. 

This same user instinctively associ- 
ates the RECORDID of engine cyl- 
inder-wall temperature FLUCTUATIONS 
with tiny thermocouples rather than 
with mercury-in-steel bulbs. 

The user makes this distinction between ac- 
curacy (of “ordinary’’ measurements) and FI- 
DELITY of recording, wheth»r he be a novice at 
mathematics or a profesional engineer with 
training in heat transfer, network theory, etc., 
followed by years of practice. Both the novice 
and the expert know that if a d-c. recording 
voltmeter is connected to an a-c. line, its pen will 
tremble almost imperceptibly at zero. Both know 
that if the bulb of a mercury-system recorder 
is plunged alternately every second in ice-water 
and boiling water, this recorder’s pen will not 
travel between 32 and 212, but will eventually 
hover about the half-way point of 122. 

Such is the arbitrary demarcation. 
This Chapter continues to deal with 
the ideal of Accuracy but in terms of 
dynamic measuring properties collec- 
tively known as Fidelity of Response. 


2. Two CHIEF INGREDIENTS OF FIDELITY 


Since Accuracy is the resultant of all 
measuring properties, Fidelity is some- 
times viewed as only one of the active 
measuring properties. Another view is 
that the steady-state accuracy of a 
measuring system in equilibrium is 
only one of the measuring proper- 
ties that go to make a _ high-fidelity 
dynamic measuring system. The choice 
depends on the scope of the particular 
functional analysis being made. 

It is assumed, throughout this Chap- 
ter, that the systems dealt with possess 
ideal STATIC Accuracy. 

(This means, among other cases, that if the 
Measurable is a.c. and the system an a-c. am- 
meter, the reading always equals the True Value 
of the Measurable: the rms, current-—-not the 
instantaneous current——whenever the Measurable 
is steady or changing “very slowly.’’) 

It is assumed also that the Measur- 
able has been steady before the moment 
it begins to change suddenly—long 
enough for the system to have come to 
equilibrium. In other words, at the in- 
stant that a sudden change begins (at to 
or zero time) the Indication—the output 
signal in the case of a “blind” system— 
equals the True Value. 

Fidelity of Response is made up of 
many ingredients: two essential, all 
others refinements. 


‘Part 3 of Chapter I of the first (1951) 
addition of this book 


The two basic ingredients are: 

(1) Relatively low thermal, electrical, 
hydraulic, pneumatic or other resist- 
ance—so that a necessary flow (of en- 
ergy or of matter) will not be slowed 
down. There is no precise name for 
this dynamic property. “Low resist- 
ance” alone does not suffice because 
“low capacitANCE” (electrical), “low 
capacitY (volumetric), and other well- 
known concepts would have to be used 
with it. The single word “speed” and 
the expression “speed of response” are 
frequently used (but speed of response 
depends also on Ingredient No. 2). In 
discussing temperature-measuring sys- 
tems alone, “Thermometric Lag” iden- 
tifies the subject; in discussing electri- 
cal systems, the symbols RC tell the 
story. For the sake of convenience, it 
has been customary in Instrumentation 
writings to refer to the shape of the 
curve of the simplest (first-order) re- 
sponse of this kind; and to call this 
property THE SIMPLE (or PURE) Expo- 
NENTIAL RESPONSE. 


(2) The second essential property is 
a relatively low Inertance: a relatively 
small mass to be displaced mechanically, 
a relatively low thermal inertia, etc. 
Again, there is no single precise term 
for this simplified concept. (The near- 
est to a precise name is “the required 
response of a high-speed recorder.’’) 
This property alone is often called 
“Fidelity” or “Dynamic Response” al- 
though these broad terms imply the re- 
sultant of all dynamic properties. In 
Instrumentation it has also been called 
the Kinetic Behavior to identify it with 
MOTION. Here, for the sake of conve- 
nience, it may be identified by the three 
physical elements Mass, Spring and 
Damping Means—and it may be calied 
THE MSD RESPONSE. 

Ideal Fidelity is made up of an 
ideal Exponential plus an ideal MSD 
Response. Both ideals are zero: total 
absence of a “curve,” hence instanta- 
neous obedience to the command. The 
encouraging conclusion is that if the 
instrument user strives for a good 
Simple Exponential and a good Simple 
MSD Response, he will get High Fidel- 
ity—because, in about 95% of actual 
cases, the influence of the other dynamic 
properties of his components and sys- 
tems will be negligible. 


(Abeut 95% refers to measuring systems, to 
transmission systems, and to complete indicatorr, 
recorders, ete., but not necessarily to all classes 
of closed-loop dynamic systems. In some of 
these, a “minor” component may have a queer 
transfer function challenging skilled mathema- 
ticians and playing havoc with the performance 
of the whole system.) 


3. THE EXPONENTIAL 
(a) Characteristic Time 


Consider a standpipe 100 feet tall, 
initially full of water. At time equal 
zero, a leak in the bottom plate is 
suddenly unplugged. A precision level 
gage, and a stop-watch, permit meas- 
uring the falling level every min- 


ute, hence the average RATE of fall 
during each minute. The first few ob- 
servations apparently show a uniform 
rate of fall which, if maintained, will 
drain the standpipe in exactly 100 
hours. The leak, however, is an orifice 
so shaped that the flow-rate through it 
is exactly proportional to the head of 
water. The RATE-OF-FALL of level does 
not remain constant: it decreases as the 
level falls; it began to decrease from 
the instant t, but so gradually that the 
first few minutes’ observations could 
not detect the change of rate. At the 
end of exactly 100 hours, the level is 
measured. It is found to be 36.788 feet. 
Instead of the standpipe being com- 
pletely drained, it is only 63.212% 
drained. The fraction drained is 
1/2.7183. (The number 2.718... is ¢, 
the base of natural logarithms.) 

Second example: A capacitor dis- 
charges through a resistor in a dry-air 
chamber (no leakage). The initial rate 
is such that, if maintained, the stored 
electricity will all have been discharged 
at the end of 1000 seconds. At t=1000, 
it is found that the capacitor is only 
63.2% discharged. 

Third example (see left-hand draw- 
ing of Fig. 4-7): Into an insulated 6000- 
gal. tank full of water at x deg., water 
at x+100 deg. is fed at the CONSTANT 
rate of 10 gps. beginning at ¢t,. Thus, 
after 6 seconds, the mixture tempera- 
ture will be «+1 deg. and, from this 
INITIAL SLOPE, it seems that the tank- 
content’s temperature will be »x +4100 
deg. at the end of 600 sec. At the end 
of that time the mixture temperature is 
x+63.2 deg. 

Fourth example: In 1701, Newton 
measured furnace temperature inferen- 
tially by noting the exact time when a 
cannon-ball was suddenly withdrawn 


baiaes sd Newton's Law of Cooling 
‘ 


(IN MODERN \ANGUAGE) 


"Time the moment when cannonball is withdrawn 
1%) from furnace and each moment that a temper. 
1 ature is read. Temperatures (abeve reem temp) 
\ arein oo progression when intervals 
| \ are uniform. This mates extrapolation 
‘ Possible (dotted /ine). 
J = 
2000 A=e At 
(computed) where £& cannonball temp. at time t 
T, @ furnace temp (abave room hemp) 


tart 12015 12:20 2:35) «18 BO 
} 


! Temperatures measured every 5 min, ¢ 

when Cannon bal! has cooled enough 4 
jte permit use of thermometers. (inthis) 
Lyear af 1701, no pyrometer it available)! 


Fig. 4-1 


from the furnace, waiting until it cooled 
enough to use thermometers (actually 
surface thermoscopes: “particles of fus- 
ible bodies”), then plotting this part of 
the cooling curve and finally extrapo- 
lating back. See Fig. 4-1. 

All four examples have in common 
the Simple Exponential response to a 
sudden change. Only the fourth one 
involves a clear-cut and obvious sudden 
change in a Measurable: the sudden 
change from furnace temperature to 
room temperature with Newton’s fa- 
mous cannon-ball as the “primary meas- 
uring element.” 
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Fig. 4-1 gives one of the ways in 
which an exponential curve may be 
written. It is an abridged equation in 
terms of delta, the REMAINING DIFFEK- 
ENCE. Its essential is the negative 
power (exponent) of e, which repre- 
sents the physical law. (This law is 
known as “logarithmic decay” in nu- 
cleonics, biology and other fields). The 
physical meaning of the minus sign 
is: the longer the time, the less the 
value of delta: of the remaining differ- 
ence. 


For generality, the linear differential 
equation of the simple exponential re- 
sponse may be written in terms of: 


(1) A sudden change, or step com- 
mand, or step input, which is the differ- 
ence between the previous true value 
T, and the new true value T, of the 
measurable. This step input is: 

T, = (Ty+Tp), 
the subscript I meaning input. 


(2) The instantaneous value (at time 
t) of the indication or signal 7, the 
subscript O meaning output. 


(3) A constant k, which determines 
the slope. 


(4) A constant L (=1/k) which is 
the reciprocal of k. 


In these terms, the fundamental equa- 
tion is: 


k(T,*T,) 


which may also be written 
dT, 
L - = (T9+T,) 
dt 


in which L has the dimension of time, 
for it is the time for Ty to become 
1/e of T,. This is the CHARACTERISTIC 
TIME— _perhaps the most important of 
all dynamic properties of measuring 
elements and systems. It is symbolized 
k in mathematics and general physics. 
In thermal applications (where 7 and 
t mean temperature and time) it is 
known as the Lag Coefficient or Ther- 
mometric Lag L; in electricity it is 
widely known as the “time constant” 
and is often symbolized by the Greek 
letter tau. 

The Characteristic Time is not al- 
ways an intrinsic property of an ele- 
ment or system. Sometimes it depends 
mostly on extrinsic conditions. For ex- 
ample, the lag L of the primary ele- 
ment (“bulb”) of a thermal system 
may be several seconds in rapidly-cir- 
culated water and several minutes in 
stagnant air. In electrical components 
the characteristic times are likewise 
altered by extrinsic conditions, though 
not as much. This inconstancy of what 
is called a “constant” in many writings 
should be borne in mind—especially in 
automatic-control systems where a vari- 
able characteristic time becomes a vari- 
able phase difference which, in extreme 
cases, makes previously-stabilized sys- 
tems oscillate wildly. 

In some occupational fields, exponen- 
tial characteristics are given in terms 
of the “half-life,” or “difference-halving 
period,” or “half-period,” which is 
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Genera) Equation for Determining Time Interval 
between K= 7 and | Ta= =7, when ZL is Known 
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Fig. 4-2 


L x log,2, or approximately two-thirds 
of the characteristic time. 

An exponential plots as a straight 
line on a graph with logarithmic ordi- 
nates and linear time abscissa (Fig. 
4-3), which fact permits comparing 
the “speeds” of different systems or 
components and—more important—de- 
tecting at a glance any departure from 
the simple law. 


| 


or Step 


Sudden Change 


(b) Pure Exponential: Linear-change 


Command 


Sudden-change commands are the 
simplest to give as examples; but ac- 
tual systems are subjected in practice 
to an infinite variety of commands. 
The response to a linear-change com- 
mand is illustrated in Fig. 4-4. Note 
that the dynamic error INCRFASES until 
it reaches the final value shown by the 
dotted line. Note also that, at the end 
of 3 L, the dynamic error is about 80% 
of its final value which, in the case 
here illustrated, is 3 degrees. This 
graph, as printed, is scaled to make 1 
cm. equal to 1 degree or 1 second, to 
facilitate its use by non-mathematical 
readers. 


(c) Pure Exponential: Periodic Com- 


mands 


(1) “Square-wave” Command.—In 
testing electrical components, this type 
of input is obtained from a d-c. supply 
by an automatic cyclic reversing switch 
(usually non-mechanical: thyratron, 
etc.) whose rate is controllable. In test- 
ing temperature systems it is obtained 
by plunging the primary element al- 
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ternately in cold and hot baths, by ro- 
tating a sector-disk between a radiant 
source and the primary element, or by 
some other test setup.* Fig. 4-5 shows 
how the output is attenuated increas- 
ingly by increasing the frequency of 
alternations. This is one reason why 
many electrical components perform 
best over a given range of frequencies. 

(2) Sinoidal Command.—See below, 
under (f). 


(d) The “Delayed Start” 


As mentioned under (a), a “pure” 
exponential implies certain ideal prop- 
erties of materials, etc. Actual mate- 
rials and actual structures modify the 
actual responses. An oft-cited thermal 
example is a fine-wire thermocouple 
(ZL = 0.01 sec.) in a heavy ceramic 
protecting tube with a dead-air space: 
not only will the 63% point be reached 
in an enormously greater time, but 
there will be no appreciable thermo- 
couple response until several hundred 
times the bare-wire characteristic time. 
Fig. 4-6 shows roughly the effects of 
structural complexities. A well-known 
bad effect is that of a thin-wall bulb 
which starts expanding at once while 
the relatively large body of mercury 
“waits for the heat to penetrate it” so 
that the reading “dips”: drops before 
starting to rise. It is particularly bad 
in automatic-control systems, for the in- 
itial command issued by the measuring 
element is the exact opposite of what it 
should be. 


(e) The “Delayed End” 


The delayed start is a slow RADIAL 
heat flow caused by “bulb” structure; 
the delayed end is a slow LONGITUDINAL 
heat flow caused by “stem” structure. 
The delayed start is bad for automatic 
control; the de'ayed end does not worsen 
control but it is exasperating in meas- 
urement work. (It is a source of errors 
of observation whenever the user— 
through ignorance or impatience—fails 
to wait long enough.) 

Space does not permit detailed dis- 
cussions of structural effects. Fig. 4-7 
brings out the importance of the Uni- 
directional Property discussed at length 


*See “The Primary-element Response,” IJn- 
struments, Aug. 1948, pages 691-698. 


Delayed Ena! | 


Effect 


theory). Note 
7 
that it often 


depends on 
calibration 
conantions 


Fig. 4-6 


in Part 3 of Chapter I of the first 
(1951) edition of this book. The four 
elements at the left, and the four at the 
right, may be thermal, electrical, hy- 
dralic or pneumatic. The cascade at the 
left is the rare exception: the great ma- 
jority of actual systems are depicted by 
the right-hand drawings. The captions 
should be studied. 

Fig. 4-7 shows, by comparison with 
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Thermal Example 


Fig. 4-5, that a “slow-start” exponen- 
tial causes a much greater attenuation 
of a square-wave input than a pure ex- 
ponential. 

({) Energy-flow Effects 

Apart from structural complexities, 
there is the hard fact that even ele- 
mental components, in actuality, rep- 
resent resistances, capacitances, etc., 
though they may be simple homogeneous 
bodies. Even the simple rod of a rod 
thermostat—the nearest thing to New- 
ton’s cannon-ball—does not exactly 
obey Newton’s law of cooling. It CAN- 
NOT obey it by yielding a pure exponen- 
tial because, at the moment of a sud- 
den change, its axial temperature is 
still the “previous” temperature. Its 
AVERAGE temperature, therefore, lags 
behind the changing surface temper- 
ature at all times. The same physical 
principle holds true for various classes 
of athermal elements. 

Fig. 4-8 gives a thermal example 
and brings out several aspects of the 
effect of energy-flow in simple homo- 
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Fig. 4-7. Block diagrams and thermal analogs of two types of four-element sys- 
tems, representing the majority of actual systems whose response departs from 


the Pure (first-order) Exponential. 


In both analogs, the bodies of fluid in all four compartments are INITIALLY 
in thermal equilibrium with one another and with the heat source (the “cold” 


source before zero time). 


In both systems, the heat source is suddenly switched on at time equal zero. 
The initial rates of heat transfer are such that IF each system consisted of only 


ONE element (No. 1), 


the initial slopes of the temperature rise in both these 


isolated undirectional No. 1 elements would be equal. 


UNIDIRECTIONAL ANALOG 


In this cascade system the response 
of the first element is not affected by 
the succeeding elements. At zero time, 
fluid at a different temperature from 
that of the fluid in the system starts 
flowing into the first compartment. The 
influx rate is such that the compart- 
ment (if initially empty) would be 
filled in 10 minutes. The mixing is per- 
fect; only perfectly-mixed fluid flows 
from each compartment to the next— 
at a rate equal to the influx; therefore 
the temperature rise is exponential. 

The response of No. 4 is much like 
that of the center of a sphere of low 
thermal diffusivity, whose surface is sub- 
jected to a sudden temperature change. 


REFLEX-ACTION ANALOG 


In this system the elements react on 
one another. A selector valve admits 
either hot or cold water to the “com- 
mand” compartment at the left of No. 
1. If the thin partition hetween com- 
partments 1 and 2 were replaced by 
ideal insulation, the characteristic time 
of No. 1 would be 10 minutes. With thin 
partitions as shown, the compartments 
are in thermal communication. Note 
the threefold lengthening of the char- 
acteristic time of No. 1 and the serious 
“delayed starts” of the others. 

The shapes of the responses of ele- 
ments 1, 2, 3 and 4 resemble the re- 
sponses cf thermocouples embedded in 
a wall heated on one side only. 
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Fig. 4-8 


geneous bodies. To show the thermal- 
electrical analogy, the relation of at- 
tenuation and phase lag has purposely 
been drawn on the “record.” The study 
of Fig. 4-8, like that of Fig. 4-7, wiil 
reward readers interested in “thermo- 
metric speed” or diffusivity (see Ch. I, 
Part 1, Sec. 3). 


4. THE MSD REsPONSE 
(a) The Physical Elements 


Since the theoretical ideal of instan- 
taneous response is unattainable, the 
practical ideal is that, after a sudden 
change in the value of the Measurable, 
the measuring system’s output signal 
should, with least possible delay, ex- 
actly equal the new value. In referring 
to a measuring system with visible 
parts, “the pointer or pen should come 
to rest with least possible overshooi, 
error and delay.” 

Fig. 4-9 illustrates what is often 
called the fundamental problem of the 
galvanometer or of the high-speed re- 
coorder. It brings out the relation of 
the three factors, M, S and D, to the 
kinetic behavior of a system: The 
springs are assumed to be ideal ten- 
sion-compression springs, whose force 
is exactly proportional to the displace- 
ment from equilibrium position. This 
displacement, denoted by the symbol z, 
is the position of the mass with respect 
to the frame. (When the frame is sta- 
tionary in space, it is the position of 
the mass in space.) The system shown 
at A will have a much longer natural 
period of oscillation (a much lower 
natural frequency) than the B sys- 
tem. Both A and B would oscillate 
“forever” if it were not for friction. 
The C system is provided with viscous 
damping (resistance proportional to 
speed). The valve symbol (X)_ illus- 
trates ADJUSTABILITY of damping—ex- 
tremely important in practice. 

Fig. 4-10 visualizes the different kin- 
etic behaviors of MS and MSD sys- 
tems after the mass has been pushed 
away from equilibrium and let go— 
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after a STEP INPUT. The fundamental 
equations of motion are composed of 
two terms for MS and three terms for 
MSD. The term for the spring is the 
simplest. It is Kx, the constant K (stiff- 
ness in units of force) multiplied by x 
which is the distance away from equi- 
librium position in space. 

Damping term: viscous damping 
(also in units of force) is proportional 
to speed; speed is rate of change or 
first derivative of position x; therefore 
the expression is D x (dx/dt). 

Mass term: at any instant, the op- 
posing force (expressed in the same 
units as K and D) is proportional to 
acceleration, which is the rate of change 
of speed, or the second derivative of the 


A 
NANN 


ey 





Trrry 


[L_ fanny 


mt 


y=amplitude 


t=time 


ill 


iti wets J 





4- 


Formula for damped oscillation 
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Fig. 4-11 





position 2x; therefore this term is 
M x (d? x/dt?). 

The equation of motion for the MS 
system states that at any instant the 
S term opposes the M term, so that 
their algebraic sum is zero: 

d2x 
M — 
dt? 

Likewise, the complete equation of 
motion for the MSD system is: 


dx 


+ Ke = 0 


dx 


dt? dt 

The solutions of these equations are 
explained in numerous textbooks. It 
suffices, for the moment, to state that 
they are shown roughly as chart rec- 
ords in Fig. 4-10. The undamped oscil- 
lation is a SINOID: a sine or cosine 
curve. (These are alike except for a 
180-degree or 1/2 phase difference.) 

In Fig. 4-11 there is given the sim- 
plest equation for a damped oscillation. 

In the systems pictured in Figs. 4-9 
and 4-10 the equilibrium position is 
mid-scale. A step input consists in sud- 
denly releasing the mass after having 
pushed it away from zero. But these 
pictures can also represent measuring 
systems of any class, if the reader 
simply imagines an additional element 
which commands the mass to move 
from zero to a given scale graduation 
where equilibrium will be reached. For 
example, imagine the mass to be of iron 
and imagine a coil surrounding it: the 
result is a plunger-type d-c. ammeter. 
Now, a step input is a sudden change 
in current: from zero current (natural 
equilibrium) to a positive or negative 
value, or from any value to any other 
value within the scale range. 


M + D.- + Kx = 0 


(b) The Three Types of Damping 
Only true viscous damping is con- 
sidered here. (In practice, the familiar 
magnetic damping of electrical instru- 
ments comes close to the ideally viscous 
damping; and it is conveniently ad- 
justable.) Adjustability is desirable be- 
cause the same system may be used 
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Fig. 4-12 
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Fig. 4-13. NOTE: Damping factor k is not in percent of critical. See text. 


for different applications with different 
fidelity requirements. The three types 
of damping are known as underdamp- 
ing, critical damping and overdamping. 

Underdamping ranges from zero— 
no damping—to critical damping. Crit- 
ical damping is the point of transition 
between underdamping and overdamp- 
ing: the adjustment is such that, fol- 
lowing a step change, the mass comes 
to equilibrium position in minimal time 
without overshoot. Its quantitative val- 
ue is customarily given as unity or 
100%. Overdamping ranges from unity 
upward, to any value found desirable. 

Mechanically, the value of critical 
damping is twice the souare root of 
(moving-system inertia x spring stiff- 
ness). 

Fig. 4-12 visualizes the three types 
of damping. Curve No. 1 represents the 
displacement of a moving mass sub- 
jected to a constant acceleration with- 
out restraint other than its own in- 
ertia. (This curve is a parabola— 
like that of a falling body.) Curve No. 
2 is that of an undamped MS sys- 
tem subjected to one sudden or “step” 
input; curve No. 3, same system with 
critical damping; No. 4, with over- 
damping; and No. 5, with about 60% 
of critical damping (see below). 

The DAMPING RATIO, COEFFICIENT or 
INDEX is a fraction or percent with 
critical damping as unity. 

The DAMPING FACTOR is a non-dimen- 
sional numerical expression for the dy- 
ing-down of oscillations. It is the ratio 
of two successive swings in opposite 
directions; or the reciprocal of the per- 
cent of the first overshoot after a step 
input. The Logarithmic Decrement is 
the natural logarithm of the damping 
factor. Among the few articles on this 
subject written for users rather than 
for designers, are those of W. N. Good- 
win, Jr., who worked out in 1906 a 
simplified solution of the classical 
Gauss-Weber equations. Fig. 4-13, based 
on Goodwin’s writings, plainly shows 
that overdamping (even critical damp- 
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ing) slows down the response too much. 
An overshoot of about five percent 
(damping index = 0.7 or damping fac- 
tor = 20) seems best for most indicat- 
ing instruments with periods of half a 
second to one second, because it makes 
the user feel that the instrument mech- 
anism is “just-right.” Fig. 4-13 in- 
cludes Goodwin’s equations for the 
benefit of mathematical readers. 


(c) MSD Systems Obeying Periodic 
or Random Commands. 


An ideal-fidelity recorder or amplifier 
—in fact, any ideal-fidelity system— 
is one that delivers an output which is 
an exact copy of ANY command. Ideal 
systems do not exist. 

Resonance.—Since every MSD sys- 
tem has its natural frequency, a peri- 
odic command whose frequency is ex- 
actly the same will not only sustain 
but BUILD UP oscillations. It will do 
so with the LEAST power input: it will 
produce the HIGHEST output/input ra- 
tio. Furthermore, “harmonics”—those 
frequencies which are whole-number 
multiples of the natural—will produce 
higher output/input ratios than will the 
intervening frequencies. 

Thus, resonance makes for SELEC- 
TIVITY. This is desirable in systems 
such as radio receivers, vibrating-reed 
frequency meters, etc. Its opposite, 
FLAT RESPONSE, is desired in systems 
that must obey random commands, or 
commands containing different frequen- 
cies. Study Fig. 4-14. 

The square-wave command is a good 
fidelity test. In Fig. 4-15 it is shown 
at A. An “excellent” performance (say, 
of a low-inertia mechanical recorder) 
is shown at B. The other two outputs, 
C and D, are those of obviously unsuit- 
able systems. Note that D might be the 
record of an excellent seismometer in- 
correctly subjected to a test meant for a 
vibration recorder. 

Fortunately, square-wave commands 
are the exception in practice: most pe- 
riodic commands have no “corners.” 
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Fig. 4-15 


This is why the sinoid command or 
harmonic-motion command (the easiest 
to obey) is widely used in testing for 
fidelity. 


5. FREQUENCY RESPONSE 


The frequency spectrum test of a sys- 
tem consists in a series of con-‘ant- 
amplitude sinoid commands of increas- 
ing frequency, starting at near-zero 
frequency (where fidelity is nearly per- 
fect) and ending at a frequency where 
the system’s response is weak and lag- 
ging. 

Frequency-response tests are made on 
systems with either or both the expo- 
nential and MSD responses. The result- 
ing amplitude ratio curves (example, 
Fig. 4-16) and phase-angle curves often 
show at a glance the usable frequency 
range of the device. 
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AUTRONIC TEMPERATURE TRANSMITTERS — AUTRONIC PRESSURE TRANSMITTER — 







Two types available: (1) T2C thermocouple P2T pressure primary element for up 
converter for use with thermocouples. to 5000 psi eliminates transmission 
Bulletin A-712. (2) T2E resistance ther- lags. No friction, extremely low hy- 





steresis. All-electric signal transmission. 
Bulletin A-708. 


mometer with T2A thermometer adapter 







including interchangeable range card. 
Bulletin A-706. 
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Swartwout Autronic systems or com- trol signal and converts it to pro- 
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letin A-710A. Other electrical final 
elements supplied for variable speed 








if control and/or recording is your prob- 
lem, call your Swartwout representative 
for a consultation at your convenience. 
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AUTRONIC INDICATOR — Rapid, ac- 
curate, miniature plug-in type instru- 
ment interchangeable with recorder. 
Supplied with or without set- 


motor control, magnetic amplifier, etc. 















point adjustment. 




















AUTRONIC DIFFERENTIAL PRESSURE TRANS.- 
MITTER—D2T transmitter with unique 
diaphragm pressure seal that eliminates 
bellows and torque tubes for extreme 
sensitivity at static pressures as high as 
5000 psi. All-electric, no vecuum tubes. 
Bulletin A-707A. 









AUTRONIC MANUAL CONTROi — Operates 
independently of recorder and controller. 
Continuous indication of valve position. 
Simplified switchover means bumpless 
transfer. Bulletin A-705. 


AUTRONIC RECORDER — Miniature plug-in 
type null-balance instrument gives true linear 
trace on 31-day strip chart. With or with- 
out set-point adjustment. Bulletin A-704. 
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CHAPTER XIil 


AUTOMATIC PROCESS CONTROL 
(With Temperature as Example) 


By PHILIP ROBERT EWALD 


O discuss automatic control, no 
better subject than temperature 
could be chosen. Its control in- 
volves a study of variables and lags, as 
well as controller action, which includes 
nearly all concepts encountered in auto- 
matic process control. The word “con- 
trol” calls to mind a concept of a re- 
sponse in some degree to a command or 
an order, a following or slave action, 
where the command may consist, for 
example, of an operator’s varying a 
rheostat to control the brilliance of a 
lamp, or the speed of an auto with a 
gas pedal, or the purely mechanical con- 
trol of a key-making machine with a 
template. The term “automatic control” 
brings another: the continual striving 
of a mechanism to maintain a variable 
at a set-point value, such as the main- 
tenance of a room at constant tempera- 
ture, or of a ship on a fixed course. 
This automatic control resembles the 
plain control first mentioned if the set 
Set Point 
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Fig. 1. Control or servo loop (Control terms 
are in italics; servo terms are in small caps) 


point is varied at the will of the oper- 
ator, but (as we will find) with less ef- 
fort and in a more faithful manner de- 
pending on the mechanism used. It pos- 
sesses this characteristic because it em- 
ployes a feedback or closed-loop system, 
which continually compares the output 
with the desired set point and auto- 
matically makes a correction for any 
difference. 

Many automatically-controlled in- 
struments of the mechanical or electro- 
mechanical type such as are applied 
to aircraft or gunfire control, or com- 
puting machines and the like, are 
termed “servomechanisms,” an old word 
which has become popular in the litera- 
ture on the subject stimulated by World 
War II. 

We are, of course, interested in the 
broader concepts of process control 
where not only a following action but 
also a change of process with charac- 
teristics of its own is involved. It is 
customary to lump the automatically- 
controlled process system into two 
parts, the instrument and the process. 
Fig. 1 is an illustration or schematic 
of such a system with the addition 
of representation as usually applied 
to servo systems for comparison pur- 
poses. 

For a couple of examples, the Fig. 1 


system might be used to control flow 
or temperature with the symbols rep- 
resenting actual equipment as listed. 


Designation Flow Temperature 


Supply, Input 


Final element, 
Valve, Controller 


Water tank or main 
Air or electrically- 
operated valve 


Steam line 


Alr or electri- 
cally-operated 
valve 

Heat-transfer 
tank 

Ther 1 


Process, Motor Water pipe 


Primary element, Orifice- 
Detector 


Demand, Output 





Controlled heated 
water 


Galvanometer-re- 


Controlled water 
flow 
Amplifier Pilot-valve pneuma- 
tic relay, electric lay or electron- 
relay ic amplifier 
Spring-opposed bel- Potentiometer 
lows 


Comparer 


-_eor err em 


Fd “Control Loop — 


1 


Thermocouple 


Condensate out 


eas water in 


Fig. 2. - Cltate-Oogasito process 


LaGs 


A study of the loop shows that 
changes in the variable will be meas- 
ured by the measuring element, a de- 
viation from the set point noted, and 
through appropriate amplification, a 
change will be made by the final ele- 
ment to ultimately restore the variable 
to its former value. Following the loop 
all around, it is seen that the nature 
of the precess will play an important 
part in the behavior of the loop depend- 
ing on the type and amount of that 
ever-present problem—lag. It is the 
presence of this lag which differentiates 
most controlled processes from a mech- 
anoelectrical servo loop. Let the process 
of Fig. 2 serve as an example. 

There are two types of lag, dead-time 
or velocity-distance lag, and capacity 
lag. The latter can be further clas- 
sified into single, double, or multiple- 
capacity lag. Velocity-distance lag, in 
our example, is the time elapsed from 
a sudden change in valve position to 
the instant the change is first detected 
by the thermocouple as shown in Fig. 
3. It is the total time required for 
the changed steam flow to reach the 
steam coil, plus the time for thermal 
agitation to traverse the coil walls, 
plus the time for the first heated water 
to cross the tank, plus the time for the 
heated water in the outlet to reach the 
thermocouple. The temperature change 
detected by the thermocouple after the 
velocity-distance lag timeAt will not be 
a sudden rise as was the change of 


steam flow, but will gradually approach 
a new value. This effect is due to the 
thermal capacity of the process, and 
for a simple process of the type illus- 
trated, considering only the major ca- 
pacity of the tank, is called single- 
capacity lag. Double or miultiple-ca- 
pacity lags are usually called transfer 
lags because of the type of lag in- 
troduced by the resistance or constric- 
tion which separates the capacities. 
Sit Minl | 
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Fig. 3. Velocity-distance and capacity lags 


Note that the velocity-distance lag 
is represented by a simple delay At, and 
that the capacity lag results in an ex- 
ponential approach to the new value 
which may be expressed by such a re- 
lation as 

T= AT ygx (1-€ se + nts 
where L is the characteristic time of 
the process. This process has a direct 
electrical analogy (if the velocity-dis- 
tance lag may be neglected) in the cir- 
cuit of Fig. 4. Such an analog, along 
with the older liquid-level type, is 
frequently referred to in the literature 








% Time — met 
Sw. closed Sw, opened 
Walve opened) (Value closed) 


Fig. 4. Electrical analog of single-capacity 


process 

for solving control problems and is em- 
ployed in commercially-available proc- 
ess and control simulators or analogs. 
Here the input current 7 represents 
the Btu. input per unit time being fed 
into the process by the steam, FR, the 
resistance to steam flow, R, the heat 
leakage from the process, C the ther- 
mal capacity of the process, R, the re- 
sistance to water flow, E the temper- 
ature of the water, and R, the load or 
water flow. To represent the velocity- 
distance lag At in the analog would re- 
quire a complicated memory system. 
Fortunately, both from the standpoint 
of actual process control and the set- 
ting up of analogs, velocity-distance 
lag is, or can be made, small enough 
with respect to capacity lag to be neg- 
lected. This means making every effort 
to put the sensitive element and valve 
as close to the process as possible and 
using heat-transfer conductors with a 
minimum resistance, plus a thorough 
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stirring of liquids. The penalty for 
too much velocity-distance lag is a 
possible uncontrollable oscillation with 
the instrument on hand. 

As will be seen, a large demand ca- 
pacity simplifies the job of automatic 
control, in fact for such processes as 
liquid-level tanks it introduces self reg- 
ulation. Note however, that the capac- 
ity must be on the demand side, a 
large supply capacity does not help if 
it follows the valve. 

An example of an installation that 
violates these principles of good control 
is shown in Fig. 5. 

If the process is arranged as shown 
in Fig. 6, along with its analog, it is 
known as a multiple-capacity process. 
Such a process is harder to control 
than the single-capacity type because 
the effect of transfer lag has become 
greater so that instant corrections can- 
not be made for disturbances. Further- 


supply or demand, or to the set point, 
with or without the control loop broken. 
Amplitude or phase changes may then 
be easily determined, and form a basis 
for rating a system. The story is not 
all told however, unless the square-wave 
response is also noted as in Fig. 3, and, 
if means are provided for measuring 
the change of wave-form as well as 
amplitude and phase, a good idea of the 
performance of the system is available. 


CONTROL THEORY 


We have seen from the above that a 
disturbance is altered in form or phase 
as it passes through the process. If it 
is now fed back to the beginning of the 
process in the new form, the next trip 
through will yield a further change, 
and so on ad infinitum. Obviously, this 
feeding back must be done in such a 
manner that disturbances are quelled 
rather than enhanced. The purpose of 
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5S. “An installation where even the best temperature controller could not give satisfactory 
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When the demand is nil, the Hot-Water-Out temperature will drop down to room 


temperature while steam will be generated in the right-hand end of the heater.” 


From “Automatic Temperature Control,” by M. 


425-462, 
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Fig. 6. Multi-capacity system and analog 


more, the change in shape of the dis- 
turbance as it passes along the process 
becomes greater so that correction at 
the vaive is made difficult. 


UNIQUENESS OF SINOID 

One type of disturbance, however, 
will pass through such a process with- 
out a change of form—the sine or 
cosine wave. This familiar plot of sim- 
ple-harmonic motion will be attenuated 
and experience a phase shift or lag as 
it goes through the process, but the 
form will be unaltered. For this rea- 
son, it is often desirable to judge con- 
trol systems by their sinoidal response, 
which may be done by applying dis- 
turbances of varying frequencies to the 
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automatic control is to feed the disturb- 
ance back io the valve in such a man- 
ner and with such amplitude that the 
deviation of the measured variable 
from the set point is held to a minimum. 
This may mean a minimum peak value, 
or a minimum average or a minimum 
r.m.s. deviation depending on the needs 
of the process under control. How 
this is done depends also on the avail- 
able instruments. Instrument manufac- 
turers have built up a vast store of ex- 
perience in the control of processes, 
and examples are available of the con- 








trol to be expected from various set- 
tings of different modes of control—or 
different types of control action—in a 
wide variety of processes. Although 
the final “tuning” or setting of these 
modes is nearly always done by trial 
and error with the instrument installed 
in the system, some generalities may 
be followed either from experience or 
a general knowledge of control behav- 
ior so that suitable modes may be se- 
lected beforehand for a given control 
job. The fundamental modes used in 
process control are described in the 
following paragraphs in a somewhat 
idealized manner to illustrate the points 
which might be lost in the actual 
graphs of installed instruments. 


ON-OFF OR TWO-POSITION 


On-off control, as the name implies, 
turns all the steam off when the tem- 
perature rises above the set point by a 
fixed amount, and on when it falls be- 
low. This action may be represented 
by Fig. 7. The less sensitive the in- 
strument, the wider the dead zone in 
which the temperature may wander 
without affecting the valve setting. 
This type of control is useful in the 
presence of large capacities where the 
all-or-nothing supply will not intro- 
duce large fluctuations immediately. 
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For this reason it is suitable in many 
temperature-control problems. The ac- 
tion is illustrated in Fig. 8. 

Optimum adjustment usually means 
setting the supply-demand ratio to the 
point where the valve will be open half 
the time. This will minimize oscilla- 
tion due to lag. Height of the devia- 
tions due to valve action may be re- 
duced by throttling the valve to a 
fraction of full travel for each stroke. 
This yields smaller deviations unless 
the supply-demand ratio changes be- 
yond the control limits set by the valve, 
in which case the drift from the set 
point known as “droop” or “offset” oc- 
curs as illustrated in Fig. 9. The op- 
timum settings for this throttled con- 
trol are thus limited by considerations 
of the possible supply-demand ratio 
changes. : 


STEP OR MULTI-POSITION 
An improvement over on-off control 
is the step control illustrated in Fig. 10. 
It permits control of processes with 
smaller capacity because it gives a 












valve setting roughly proportional to 
temperature deviation. However, ex- 
cept for a few cases where it is me- 
chanically easy to fabricate such a con- 
trol, the true proportional or position- 
ing mode of control of Fig. 11 is al- 
most universally used. 


THROTTLING OR PROPORTIONAL@POSITIV.« 

This mode of control is sometimes 
called throttling control in that it op- 
erates as a continuously-variable con- 
striction. It is often supplied with the 
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Fig. 10. Step mode of control 


degree of control or throttling percent 
made adjustable to suit the process. 
As with the previous modes, propor- 
tional control must be set with a suffi- 
ciently narrow band to avoid droop. 
The continuously-variable feature per- 
mits use with low-capacity processes, 
limited only by the amount of velocity- 
distance lag present. However, with 
low capacity, too narrow a throttling 
band results in wide oscillation. With 
only one adjustment, this mode of con- 
trol is easily tuned in to the process. 
As will later be seen, another possible 
name for this mode, based on its action, 
is damping control. 
FLOATING 

Elimination of droop is achieved by 
the use of floating control which gets 
its name from the fact that the valve 
position is not tied to any temperature 
as in proportional control, but that it 
keeps moving until the temperature is 
at the set point. This is best achieved 
by an action where the valve velocity 
is proportional to the temperature de- 
viation from the set point as illustrated 
in Fig. 12. 


AUTOMATIC-RESET OR 
PROPORTIONAL-SPEED FLOATING 

Similar action is sometimes achieved 
by simply resetting the set point of a 
proportional controller, hence the name 
reset control. Since the valve velocity 
is proportional to temperature devia- 
tion, the term velocity control is some- 
times used, and because the valve posi- 
tion is a function of the integral of 
temperature deviation, or depends on 
how long and how much of a deviation 
there is, the action is sometimes re- 
ferred to as integral control. A little 
study will show that this type of con- 
trol will do a good job if there is no 
velocity-distance lag in the process. The 
presence of this lag means continual 
oscillation, however, if only the float- 
ing made of control is used. For this 
reason, floating and proportional con- 
trol are usually used together, the most 
popular combination at the present 


time, to give the freedom from droop 
supplied by the floating mode, and the 
necessary damping supplied by the pro- 
portional mode. 


RATE OR DERIVATIVE 

A further improvement in process 
control is achieved if some action is 
taken before the deviation becomes ap- 
preciable, that is, the instant it starts. 
This is an impossibility if “the instant 
it starts” refers to the controlled tem- 
perature; therefore the action is taken 
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before the deviation signal of a (rela- 
tively) slow measuring system becomes 
appreciable. This action is achieved 
by making the valve position propor- 
tional to the rate of change of meas- 
ured temperature as shown in Fig. 13. 

The popular name for this mode is 
rate control, based on the proportion- 
ality between valve position and rate 
of temperature change, or derivative 
control since the expression dT7'/dt is 
the same as rate of temperature change. 
As will be later seen, from the dynam- 
ical standpoint, it might well be called 
accelerating control. This mode in it- 
self cannot control a process because 
it does not depend on a measurement 
of a deviation from the set point. Con- 
sequently, losses in the process would 
cause a steady drift of temperature 
were this the only mode to be used. As 
a result, rate control is always used 
with proportional or floating control 
or both to serve as a booster, or, to 
look at it another way, to act as an 
inertia to change. A popular method 
of approximating this mode is to nar- 
row the proportional throttling band 
as the temperature deviation from the 
set point increases, and to widen the 
band as the return to the set point 
starts. 


INVERSE DERIVATIVE 


If exactly the opposite procedure is 
followed, that is, to widen the throttling 
band as the temperature deviation in- 
creases, a mode known as inverse de- 
rivative will be in effect. This is a 
recently-introduced! mode of control 
which at first glance would appear det- 
rimental. The answer of course is in 
the application to which it is put. Con- 
ventional derivative control works on 


(1) C. B. Moore, Instruments, Vol. 22, March 
1949, pages 216-219 
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the assumption that a deviation once 
started will continue in that direction 
for some distance; the steeper the de- 
viation curve, the farther the ultimate 
deviation. This is true in large-capac- 
ity processes for instance. However, 
there are many processes, usually of 
low capacity, where there is consider- 
able random or statistical deviation. It 
is for these cases (where a sudden 
abrupt deviation does not mean neces- 
sarily that there has been a major 
change in the process) that inverse-de- 
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Fig. 14. Method for ob- 
taining rate control 


rivative or inverse-rate control allows 
the process to ride through the dis- 
turbance which otherwise might lead 
to large-amplitude oscillations. 

Since rate control, both direct and 
inverse, can be approximated by vary- 
ing the proportiona! band width, it is 
possible to represent these modes by a 
rotation of the proportional character- 
istics as shown in Fig. 14. 

There are, of course, an infinite num- 
ber of possible modes of control of high- 
er order than those discussed and of 
various gradations and combinations 
of those considered.2 For purposes of 
process control, the higher-order-than 
-rate modes could have little applica- 
tion, and it has already been seen that 
on-off and step control are special cases 
of proportional mode. It hence evolves 
that the only combinations of control 
which need be considered are: 

Proportional 
2. Floating 
3. Proportional plus floating 
Proportional plus rate 
Floating plus rate 
Proportional plus floating plus rate 

If we consider the last combination, 

all the significant modes are included, 


(2) See “Fundamentals of Instrumentation” 
by M. F. Behar, Instruments Publishing Co., 
Pittsburgh, 1932. Chap. ITI, Sections 10 and 11. 














so that the dynamic equation of motion 
of the vaive may be written by sum- 
ming all the modes: 

dV/dt =e, +¢,T + ¢,dT/dt + ¢,d*T/dt? 

BRIEF ANALYSIS 

Readers acquainted with mechanical- 
vibration theory* will recognize the 
similarity of the above equation to that 
of a forced-oscillating system, and hence 
a mechanical analogy for a process 
controller is a possibility’ as well as 
the electrical and hydraulic analogs 
mentioned. Here ¢, is an arbitrary 
constant for initial conditions, c, rep- 
resents a spring or restoring-force con- 
stant, c, is a damping-force constant, 
and c, represents an acceleration-force 
or inertia constant. This equation rep- 
resents the action of the instrument on 
the valve as a result of temperature 
changes at the measuring element. To 
express the action of the entire sys- 
tem, it must be remembered that the 
closed control loop now makes the tem- 
perature T itself a function of the valve 
position V, so, depending on the type 
of process being considered and the 
simplicity of the resulting equation, a 
substitution is made of JT for V or 
vice-versa, and the resulting equation 
for the entire system then examined. 
If the equation can be put into suitable 


(3) A good example among many books is 
Den Hartog's “Mechanical Vibrations.” 

(4) P. R. Ewald, “Forced-oscillation Ap 
proach to the Problem of the Automatically 
controlled Continuous Process Instruments, 
Vol. 16, August 1943, pages 474-476, 506 

(5) Following the early writings of Routh, 
and the later ones of Nyquist and subsequent 
workers, there have been established criteria 


APPENDIX 

To supplement the above discussion, examples 
of actual tests run on controllers in operation 
are taken from articles in Instruments (July 
and October 1943 by J. G. Ziegler; and March 
1949 by ©. B. Moore) condensed here to illus- 
trate the proportional, reset, and rate modes of 
control 

In Fig. 1A, a system using the pro- 
portional mode was given a momentary 
change in supply for several control 
settings. Note that the proportional 
mode units are in lbs. per sq. in. per in. 
of deflection of indicator from the set 
point rather than the usually expressed 
percent of full scale deviation needed 
for full range of valve travel. 

Here it is seen that too narrow a 
band yields oscillation, while too wide 
a band results in wide deviations with 
slow recovery. The optimum, at set- 
ting 10, shows the minimum total devi- 
ation from the set point. 

Fig. 2A shows the result of applying 
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Fig. 1A. Proportional mode with momentary 
changes in supply. 
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form, it is possible to determine wheth- 
er or not the system will be stable for 
the possible values of the constants.5 
The prediction of the behavior of a con- 
trol system by mathematical methods, 
while extensively worked out for servo- 
mechanisms, has been used to a lesser 
degree in process control work. In such 
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trol instrument and would run right 
along wherever it was set. Such a pro- 
cedure is usually quite expensive, so 
the part of the instrument ultimately 
resolves itself into that of a necessity 
as a cost saver. The ideal controlling 
instrument might have the features 
shown in Fig. 15. It would have a high- 
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Fig. 15. An ideal control instrument 


a field it is difficult for the methods of 
mathematics to compete with judgment 
by experience, but the opening is there, 
and some day process-control people 
will be buying and setting their control 
instruments with the aid of charts and 
special slide rules just as is done today 
for a multitude of engineering prob- 
lems. 

To close with a continuation of the 
discussion of possibilities, just what 
would be an ideal controller? Actually, 
if a process were perfectly designed 
with plenty of spare supply and de- 
mand capacity, it would need no con- 


which can be used with the equations of a system 
to determine whether or not it will oscillate and 
what the degree of damping is 


step changes in the load at several 
settings. Too narrow a band yields 
oscillation as before, but for this case, 
even at the optimum setting, the prob- 
lem of droop is encountered, calling for 
a resetting of the contro! set point. 

In Fig. 3A, reset is added to the pro- 
portional mode in increasing amounts 
until oscillation occurs. The optimum 
value which produces a minimum devi- 
ation is at 0.8 per min. These units are 
the number of times per minute that 
the given reset rate could reproduce 
the change in valve position caused by 
the proportional mode for a given devi- 
ation from the set point. The recipro- 
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Fig. 3A. Proportional mode plus reset with 
step changes in load. 
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speed chart drive for studying tran- 
sients and control characteristics while 
making adjustments to the process and 
also a low-speed drive for economy dur- 
ing operation. There would be three 
control-mode adjustments, proportional, 
floating, and rate. The latter would 
cover both positive and negative ranges 
to give either direct or inverse-deriv- 
ative action. Of course the conven- 
tional set-point and valve-position in- 
dicators would have a prominent place. 
With such a control instrument, the 
operator would be ready to tune in his 
process, no matter how cantankerous, 
and obtain a really satisfactory job of 
automatic control. 


cal of this unit is used in Figs. 4A and 
5A. 

Further improvement in control ac- 
tion is attained in the example of Fig. 
4A where up and down step-load 
changes are applied to a system, first 
with only optimum proportional and 
reset modes, and then with the optimum 
rate mode added. The differences noted 
in responses to up and down load 
changes are attributed to changing 
valve characteristics. 

Note that all the above examples 
were run on processes with relatively 
large capacity. Where capacity is small, 
the inverse rate or derivative mode 
comes into its own as shown in Fig. 5A 
where the action of a liquid-flow con- 
troller with two, then three, modes is 
illustrated. The units of rate control 
are the number of minutes by which 
the rate mode advances the time it 
would take the proportional mode to 
move the valve a given distance for a 
given rate of deviation change. 
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Inverse V 
Rate | 0.11 Min. 
Fig. 4A (left). Proportional, reset and rate 
modes with step changes in load. Fig. 5A (right). 
Proportional, reset and inverse-rate modes with 
step changes in load. 
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INCLUDING 
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7401 N. Hamlin Ave., Skokie, Illinois 
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PANELLIT Information System, above, handles up to 400 points from all 
conventional input signals: AC or DC, either linear or non-linear. Each 
point has its own ‘'off-normal'' settings. 


PANELLIT INFORMATION SYSTEMS 


Panellit Information Systems provide complete, centralized 
process control to management. They serve as a guide to 
both operating personnel and management in obtaining higher 
yield from current processing, rather than merely a mechani 
cal means of accumulating data. The system is also designed 
to feed data directly, without human translation, to calculators 
for automatic accounting operations, or to computors tor 
on-the-spot engineering analysis. 

The Panellit Information System incorporates continuous 
process monitoring with audio-visual annunication, periodic 
or “on-demand” logging of up to several thousand variables, 
immediate logging of both “off-normal” and “return-to-nor 
mal” occurrences, selectional trend recording and complete 
process control 

Logging is arranged by processing unit, rather than type 
of variable, so that a clearer picture is presented for operat 
ing decisions, 

Panellit furnishes 
design and engineering to final installation, check-out and 
service in the refinery 


a complete service, from basic system 
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PANALARM ‘''50'' Annuncictor Cabinet with backlighted, illuminated 
name-plate signals. Also available with bullseye type signals. 


PROCESS ANNUNCIATOR SYSTEMS 


PANALARM Annunciator Systems, the recognized stand- 


For more 


nformation ci 


re 


ard in the process field, are available in numerous forms to, 
fullfill all specific requirements 
PANALARM Annunciator Systems provide both a visual 
and audible signal when an “off-normal” condition develops 
When an acknowledgment button pressed by the opera- 
tor, the audible signal is silenced but the visual signal remains 
until the “off-normal” condition has been corrected 
PANALARM “50” models provide the most versatile form 
of annunication available today. Two basic models fulfill the 
requirements of every usual process application 
Panalarm “50” Send for Cat. 100-1 
Panalarm Visual Sequence Annunciator 
6-A 
Panalarm No Drain Annunciators (for direct current opet 
Send for Bul. 200 


1s 


Send for Bul 


ation) 


Panalarm High-Low Annunciator Send for Bul. HL 
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CO-ORDINATED CONTROL PANELS 


PANELLIT is the largest builder of process control pan- 
els. Specialized. experience in this field enables PANELLII 
to provide valuable engineering assistance. Many normal op- 


Typicdi PANELGRAPH In use in an oil refinery. Photo courtesy of Uni- 
; versal Oil Products Co. 


erating mishaps can be eliminated by ingenious electric and 
pneumatic interlocks suggested by PANELLIT engineers. 
PANELLIT behind-the-panel engineering incorporating 
clear, traceable piping and individual equipment enclosures 
is another important consideration, and it assures maximum 
serviceability of your control system. 

PANELGRAPHS depicting the process steps and flows 
are of greater value when trouble occurs. At such times, a 
single operator can accomplish more than several... and the 
graphic control panel gives him the overall conception neces 
sary to take positive corrective action. SEND FOR LIT- 
ERATURE 
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This instrument hos been used extensively by 
the leading motor-cor manufacturers for road 
testing on the “Proving Grounds” — where 

‘ormance counts. Housed in a rectangular 
bakelite case, this reliable, fully compensated 
pyrometer is furnished with 6 in. hand drawn 
scoles for greater accuracy. The Model 58PY 
is available for use with all standard thermo- 
couple materials, in many ranges to suit the 
most exacting application. 





Manufactured with the same type of move- 
ment as our aircraft pyrometers, the Model 
23B pyrometer is well suited for use in mov- 
ing vehicles and has been successfully used 
in many marine diesel installations for meas- 
uring exhaust temperatures. It is housed in a 
4 in. round bakelite case that is flanged for 
pane! mounting, and is available in several 
ranges for use with various thermocouple 
moterials. 


The Model 208 series of indicators are pat- 
terned after our standard aircraft instruments 
and are supplied with 3” round steel cases 
suitable for panel installation. These com- 
pact, sturdy indicators have 2% in. scales, 
ore fully cold-end compensated and are 
available in many ranges for use with vari- 
ous thermocouple materials. 










The Model 62RT4F resistance thermometer is 
© sturdy easy-to-read instrument with a 6 in. 
hand drawn scale. It is suitable for use in 
moving vehicles and is excellent for flight- 
test work. It is operated by an ordinary dry 
cell and is calibrated to standard “AN” bulb 
curves for various ranges in fahrenheit or 
centigrade. 
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MODEL 208 





MODEL 62RT4 


MODEL 58PY 
















THERMOCOUPLES for use with the above indicators 
are available in many styles for special applications. 
We have developed a complete line of aircraft, in- 
dustrial and automotive thermocouples and would be 
pleased to offer our recommendation for your ap- 
plication. 


THERMOCOUPLE LEAD WIRE for connecting 
thermocouples to the indicators is manufactured in 
iron-constantan, copper-constantan or chromel-alumel 
material with standard and special insulation. Use 
Lewis lead-wire with Lewis instruments and thermo- 
couples for best results. 


RESISTANCE BULBS for use as sensing elements for 
the 62RT4 thermometers are available in several types 
for various applications, for measuring free air or 
liquid temperatures. We invite inquiries on your ap- 
plication. 


THE LEWIS ENGINEERING CO. 
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_ POWERS, 


For Heating and 
Air Conditioning Systems 
Industrial Processes 


Water Heaters » Heat Exchangers 
Jacket Water Cooling 


All Types of Baths 
Hospital Hydrotherapy 


n 


Most of your control problems 


can be solved sucessfully with the aid 
of a POWERS engineer and the proper 
application of some of our modern 
products.Why not profit from our 60 years 
of experience? There’s no obligation. 
Phone or write our nearest office. 


Established 1891 * Offices in 60 Citie 


THE POWERS REGULATOR CO 
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PNEUMATICALLY 
POSITIONED 
ELECTRICAL 
COMPONENTS 


for 


THROTTLING CONTROL SERVICE 


The Cono Model EB Pneumatic Current Con- 
troller is a compact, pre-engineered, factory 
assembled final control element used to auto- 
matically regulate voltage, current induc- 
tance, capacitance, resistance or other elec- 
trical values. Used for— 


Speed control: 
- . « positioning rheostats in the 
motor field of D.C. motors. 


Furnace temperature control: 


. Stepless control of voltage 
input to electric furnaces. 


Load control: 
.. . D.C. current regulation for 
the control of saturable reactors. 














CONOFLOW CORPORATION 


2100 Arch Street e@ Philadelphia 3, Penna. 
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Tailored 
PROGRAM CONTROL SYSTEMS 
For Production Efficiency 










Standard and 
Special Program Timing Devices 
Single Com — Drum— Interval Timers 


Seely Timers are ideally suited for 
control where an accurate time 
corr lasi of Itipt 7 ei is 
required, They have been adapted 
to a variety of operations involving 
heating, cooling, inflating, press- 
ing, agiteting, mixing, decanting 
and contro! of mechanical move- 
ments. All models of Seely Cam 
and Drum Timers can signal by elec- 
tric or pneumotic means, bypass- 
ing the use of solenoid vaives. 





SEELY CONTROLS FOR INDUSTRY MANUFACTURED BY AEROMAC 








lg) Temperature & Pressure Controls 


Pressure Controls available O- 15 psi to 
© - 500 psi. 

Temperature Controls —— Stum lengths to 
24" — Temperatures to 450 

Seely Temperature and Pressure Controls 
are simple vet rugged pneumatic types 
suitable wherever the process is adaptable 
to either on-off or narrow throttling range. 
Both types of controls are available for 
either reverse or direct action and will 
operate with an air input up to 35 psi... 
output pressure to the air diaphragms may 
be as low as 3-4 psi. 


AIR OPERATED VALVES Two-Way — Three-Way — Four-Way 


Up to 7000 psi. 


SEELY INSTRUMENT CO., INC. 
Wholly Owned Subsidiary of Aeronautical Mfg. Corp. 
377 Fourth St. Niagara Falls, N. Y. 
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JOHNSON 
SERVICE COMPANY 


AUTOMATIC TEMPERATURE AND 
AIR CONDITIONING CONTROL 


General Office and Factory: Milwaukee 2, Wis. 
Direct Branch Offices in Principal Cities 
Johnson Temperature Regulating Co. of Canada, Ltd., 3615 Danforth 
Ave., Torento, Ontario. Calgary, Alta. Edmonton, Alta. Halifax, N. 8. 
Hamilton, Ont. London, Ont. Montreal, Que. Ottawa, Ont. Vancouver, 
B. C. Winnipeg, Man. 


PRODUCTS AND SERVICES 


Manufacturers, Engineers and Contractors for automatic 
temperature and humidity control systems applied to all 
types of heating, cooling, humidifying, dehumidifying, ven- 
tilating, air conditioning and industrial processing installa- 
tions. 

Space Control. Automatic control of room temperatures and 
humidities, applied to radiators, radiant heating, unit ventila- 
tors, unit heaters and heat delivery ducts. ‘‘Duo-Stats” main- 
tain proper relationship between outdoor and heating system 
temperatures. 


RETR ML RTE A 
JOHNSON THERMOSTATS 


Processing Control. Automatic temperature and humidity 
control for every range required in manufacturing and in- 
dustrial processing. Thermostats, valves and dampers applied 
to tanks, dryers, vats, kettles, curing rooms, coolers, kilns, 


Single Room Thermo- 
ine stat T-401 


**Dual’’ Room Thermo- 
stat T-460 


Room Humidostat 
H-107 


""Sylphon"* Radiator 
Valve v-111 


# 


Rigid Stem insertion 
rmostat T-802 


& 


yy Capillary Thermostat 
7 T-800 


ROOM THERMOSTATS—Proportional (gradual) 
or two-position (positive) action, maintaining tem- 
peratures within one degree above or below point 
of setting. Various covers, adjusting features, 
guards and methods of mounting. 


INSERTION AND IMMERSION THERMOSTATS 
—-Rigid stem or capillary. Liquid or vapor-filled 
capillary systems for temperatures which are meas- 
ured at point remote from location of operating 
mechanism. Various types of bulbs. Standard con- 
necting tubing 8 ft. long; 15, 25, 35 or 50 ft. on 
special order. 


THERMOMETERS—Patented adjustable tilting in- 
sertion or immersion thermometers to measure 
temperatures in ducts, tanks, etc. (heavy lens 
glass tube—9-in. scale). 


SPECIAL CONTROLLERS—Used in _ industrial 
processes. ‘‘Record-O-Stat” combination capillary 
temperature controller recorder, single or duplex 
type which controls and records wet and dry bulb 
temperatures. 


PRESSURE REGULATORS—Pressure ranges 27 
in. of vacuum to 150 lb. pressure. Bourdon tubes 
of types and sizes for required pressure range and 
for medium to be controlled: Air, water, steam or 
freon. Other regulators for pressures between \% 
Ib. and 200 Ib. 


LIQUID REGULATORS—(Float type) Control 
within close limits. Mounted through wall of con- 
taining vessel by stem with 1 in. pipe thread. 
Floats of copper, stainless steel or special alloys. 


STATIC PRESSURE REGULATOR—Measures 
variations in pressure from .009 in. to 3 in. of 
water. Also used as differential regulator, measur- 
ing difference in pressure between two chambers. 


SUB-MASTER THERMOSTATS—Important, de- 
veloped for industrial use and air conditioning— 
applied to various controllers for remote read- 
justment. 


JOHNSON SENSITIVITY ADJUSTMENT—A 
convenient feature for adjusting, on the 
job, the sensitivity of thermostats and 
humidostats. Prevents temperature fluctu- 
ations. Available on proportional action 
insertion and immersion thermostats, in- 
sertion humidostats, T-800, T-900 capil- 
lary thermostats and certain room thermo- 
stats and humidostats. 


JOHNSON HUMIDITY 
CONTROL 


JOHNSON HMUMIDOSTATS—Automati- 
cally contro] supply of moisture delivered 
to air by a humidifier or other means, 
maintaining constant relative humidity. 
Available in room and insertion patterns 
with various elements, the most sensitive 
controlling within 1 percent at relative 
humidities as high as 95 per cent at 100 
F. Humidostatie elements are wood cylin- 


Submaster 


Capillary 
Thermostat T-901 


ete. 


served by Johnson. 


JOHNSON EQUIPMENT 





Nation-wide Service. Johnson sales engineers and trained in- 
stallation men are available at all branches. All are salaried 
employees, devoting their full time to the interests of those 


SEND FOR BULLETINS DESCRIBING 








der, bi-wood strip, bow-wood, horn, hair 
or animal membrane. 


JOHNSON HUMIDIFIERS—"‘Steam grid” 
type (perforated pipe supplied with low 
pressure steam) or pan type with copper 
evaporating pan, brass heating coils and 
float control. 


JOHNSON VALVES 


JOHNSON DIAPHRAGM VALVES—‘simple, 
rugged. Diaphragms of special molded ~-ubber, 
resistant to age and oxidation, operate valve 
stems against pressure of dependable springs. 
Available with Sylphon seamless metal bellows. 
Standard sizes and patterns. Normally open 
(direct acting) or normally closed (reverse 
acting). Three-way mixing and by-pass valves, 
= — water, brine and other gases and 
iquids. 


JOHNSON “STREAMLINE” DIAPHRAGM 
VALVES—Where maximum power is required 
for repositioning at slightest demand of con- 
trolling instruments. Molded rubber diaphragm 
valves are fitted with pilot positioner, independ- 
ent of friction and pressure variations. 


JOHNSON DAMPERS 
AND SWITCHES 


STANDARD JOHNSON DAMPERS—Galva- 
nized blades in flat steel frames with adequate 
bracing to form rigid assembly. Corrosion- 
resisting finishes. Angle iron frames optional. 


iron 
copper, 
steel 


SPECIAL DAMPERS—Galvanized 
(frames), monel metal, aluminum, 
rust-resisting steel, etc. Brass pins in 
bearings or ball bearings. 


JOHNSON DAMPER OPERATORS—Similar 
in principle to valves. Seamless metal or spe- 
cially molded rubber diaphragm operates 
famper through suitable linkage. “Piston” 
damper operators afford long travel at full 
power. 


JOHNSON PNEUMATIC SWITCHES—For 
remote control in the operation of dampers 
and to place controllers in and out of service. 
Various apparatus, mounted on special switch- 
boards, including lever-type switches, gradual 
and multiple-step switches, clocks, air pressure 
gauges, recording gauges, etc. 


Piston Da 
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| the Relay Plug-ins and Chassis. 
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Only Tel-Alarm unitized construction makes 

sible such various signal combinations in any 
number of alarms; all furnished in standardized 
components assuring reliability, efficiency, low cost. 


This Self-Contained 
TEL-ALARM 
PLUG-IN-UNIT 

is a marvel of efficiency for 
alarm signal service. Over 
100 variations in Circuit 
Sequences are possible in 
one uniform plug-in unit. 


FOR FULL INFORMATION 
WRITE FOR BULLETIN 440 
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“SYSTEMS 














t 


Your provlem 
is our starting 
point 


C 


complete panel units 


tailored to individual 
control requirements 


single responsibility 








Automatic control systems 
completely designed and pack- 
aged to meet your process 
specifications. A. T. C. or other 
instruments and systems 
mounted and wired according 
to each control requirement. 
Design backed by years of 
experience in all phases of 
electric, electronic, pneumatic, 
and hydraulic control of 
machine and process operation, 
Send blueprints and specifica- 
tions for confidential, complete 
data. Automatic Temperature 
Control Co., Ine., 5240 Pulaski 
Ave., Philadelphia 44, Pa. 
Represented in Canada by 
Powerlite Devices, Ltd., 
Toronto, Montreal, and 

\ ancouvyer, 
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our problem? 


Consolidated creates engineered 
systems for your specific data- 
ONITORING Processing and automatic 


ndustrial control problems. The 


result is a facility best for you 
from the twin standpoints of dol- 


ar value and efficient operation. 
The Systems Division of 


Consolidated asks but one ques- 


ion before selecting a system 


component... regardless of the 
manufacturer, is it the best for 
your automatic control, testing, 


or analytical application? This 
professional design freedom 
insures a complete job— 
engineering, fabrication, 
installation, instruction, 
servicing—achieving the 
optimum solution to your prob- 
lem at the lowest possible cost. 


Bulletin CEC 1304-X4 describes 
‘onsolidated’s Systems Division and 


their work, Write for it today. 


Consolidat 





Corporatios 
300 North Sierra Madre Villa, Pasadena 15, California 
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PROCESS 
CONTROL 


by 
A. J. Young 


Imperial Chemical Industries, Ltd. 


Covers: 
contro] problem 
operation of closed-loop 
modes of control 


& types available 


Cloth, 134 + vi, illustrated, 3-page index. 


$2.00 postpaid 


(Payment must accompany order) 


@ 


“Covers over 600 sources from 1832 to 1946 
classified under 16 headings . . . invaluable to 
workers in flow .... well-ordered cross ref- 
erence... covers literature of many coun- 
tries .. . will cut laborious research .. .” 





A Bibliographical Survey of | 
FLOW THROUGH ORIFICES AND 
PARALLEL-THROATED NOZZLES 


By 
T. H. Redding 


published by Chapman & Hall, Ltd., London 
cloth, 197 + x Pp., illus., appendix w/92 
terms, author index 


distributed in America exclusively by 
Instruments Publishing Co. 


$6.00 Postpaid 


payment must accompany order 


| Instruments Publishing Company 
845 Ridge Avenue 
Pittsburgh 12, Pennsylvania 


Enclosed is §................ for... coe Opies 

of Young’s PROCESS CONTROL BOOK | 

| at $2.00 each, postpaid. | 

{ Enclosed is $ for. ; copies of | 

| Redding’s Bibliographical Survey of Flow | 

| Through Orifices and Parallel-Throated | 
Nozzles, at $6.00 each, postpaid. 





the WEART of control.-- 


CONDUCTIVITY CELLS FOR 
a EVERY APPLICATION 
~~ Positive measurement and control 


at any point in a process starts with the 
proper conductivity cell. Temperature 
range, pressure, nature of solution and 
operational range of process all enter 
into the proper selection of 

the conductivity cell. 

Industrial Instruments manufactures a 
complete line of conductivity cells 





with models for every application. 

A wide selection of materials, 
mechanical designs, and cell constants 
make it possible for our engineers 

to recommend the cell that will do 

the job best. In addition to cells, 
Industrial Instruments manufactures 
a complete line of sample coolers, 





measuring and control instruments. 
For processes involving temperature 
fluctuations, automatic 

temperature compensation is available 
in the conductivity cells. 


WRITE FOR — 

Catalog No. 20 which lists complete 
line of conductivity measuring and 
control equipment. . . . 





89 COMMERCE ROAD, CEDAR GROVE, N. J. 
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New polar relay... 


sensitive, rugged, compact! 


Automatic Electric 
PTW Relay 








helpful technical data 


Make and Break—75%, total “make” on both contacts at 60 cycles per 
second with .006” contact gap and 23 milliamperes of sine wave ac. 
Simple, easy re-adjustment can be made in the field. 

Windings—Four windings: two line-windings, each 139 ohms resistance 
and only .5 henry inductance; other two windings, each 101 ohms and 
.125 henry. The number of coil turns to be placed in series aiding can 
vary from 1400 to 8400. 

Cover—Snap-on cover easily removed for inspection and adjustment 
of relay. 

Movnting—Jack mountings, available for flush or surface mounting. 
Size—2%," wide, 24" deep and 2!14” high (plus %” projection of 
banana plugs). 

For more detailed information, ask for Circular 1821. 








For more information 


Here’s a new polar relay that will soon be setting 
records for long service life! Its sensitivity gives peak 
performance for high-speed polarized pulse repeating, 
or for applications where low current is transmitted 
over long lines. The Series PTW Relay is also recom- 
mended for line-current direction indication or as a 
differential relay in the ‘“‘Wheatstone Bridge” type of 
control. Advanced features include: 


simplified design and long service life 

New design eliminates many parts and adjustments 
formerly required. Relay gives billions of operations 
without re-adjustment. 


extreme sensitivity 

Unit operates on currents as low as 2 to 12 milliam- 
peres, depending upon number and combination of 
windings used. Signals as low as 10 milliwatts through 
the two line-windings will ‘trigger’ the relay. 


reduced bounce and wear 

A new method of armature support limits longitudinal 
movement. There are no bearings to wear .. . the 
usual rocking motion in contact make-and-break is 
reduced. Armature bounce is virtually eliminated; 
contacts last longer. 


improved characteristics in smaller size 

Because of increased magnetic efficiency, the coils take 
less space and need fewer turns. The lower coil imped- 
ance of this compact unit gives improved character- 
istics. 

fast response 


Travel time is as low as .9 milliseconds, depending 
upon contact gap and windings used. 


send for circular 

For a small, fast, sensitive polar relay that out-per- 
forms and outlasts all others, specify this new Auto- 
matic Electric Series PTW Relay. For details ask for 
Circular 1821. Write: Automatic Electric Sales Corpo- 
ration, 1033 West Van Buren St., Chicago 7, Ill. In 
Canada: Automatic Electric (Canada) Ltd., Toronto. 
Offices in principal cities. 


SWITCHES 


PRODUCTS OF THE INDUSTRIAL OLPARTMENT OF 


AUTOMATIC <> ELECTRIC 
CHICAGO 


RELAYS 
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CHAPTER XIV 
SERVOMECHANISMS—AN INTRODUCTORY TREATMENT 
By M. F. BEHAR 
PART 1—FOR ALL READERS OF THIS BOOK 


especially the non-mathematical readers who have skipped Chapter XII on the 
Dynamic Characteristics of Measuring (not automatic-control) Systems; 


but who nevertheless want to know what a Servomechanism IS 
and who should know what a Servomechanism is not. 


IRST, a servomechanism is a ser- 
Fant. It obeys a command. In the 
beginning of the art (now a science 
and an industry) the command was al- 
ways issued by a human being. Today, 
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Fig. 7-1. Simplified presentation of one type 
of servomechanism; and simplified block dia- 
gram which is true of all types of servomecha- 
nisms. 


(A) In this sketch the “master” resembles a 
recorder pen-arm but it might be the deflecting 
member of any measuring system; or it might 
be a manual-command knob or lever. The “relay” 
might be a large hydraulic pilot valve imposing 
a drag on the commanding element, but it usu- 
ally would be a dragless relay. 

(B) The “master,” the power source, and the 
load, are not components of a servomechaninm. 
The combination of a power source and servo- 
mechanism would be a machine such as a bull- 
dozer. The combination of a power source and a 
servomechanism and its load would be a truck, 
an airplane, etc. The combination of a - 
ing system and a servomechanism is an auto- 
matic controller or regulator. But the combina- 
tion of a MANUAL “command station” (such 
as a lever or knob) and a servomechanism is a 
servomechanism. 





manual commands are outnumbered by 
commands from measuring systems. 
Thus a servomechanism is a member of 
the class of devices which obey manual 
or measuring-system commands—but it 
is the only such servant that has a 
“brain” of its own. 

Second, a servomechanism is a mech- 
anism. The auxiliary power (arrows 
in Fig. 7-1A) may be compressed air, 
or d.c., or a water-wheel, or a clock 
spring wound periodically, or a.c., or 
steam, or hydraulic fluid, or “atomic” 
power, or a rotating shaft—but the 
servomechanism is a mechanical ser- 
vant. As a rule, it utilizes power for 
moving heavy loads in obedience to 
weak commands. The original power 
source is immaterial but the result is 
a mechanical displacement (translation- 
al or rotational). 

Mechanical displacement being change 
of position, the command is of the form, 
“Move this heavy thing from here to 
there,” which a servomechanism under- 
stands. A servomotor would not know 
where to stop; a servomechanism makes 
its servomotor stop at the right place. 

At the right place implies at the 
right time: a servomechanism knows 
when to stop. Therefore it knows where 
and when not to stop. It knows its 
own error at all times. An essential 
element of every servomechanism is 
often called the “error detector.” But 
a servomechanism can measure its own 
error; it can measure its instantaneous 
error. And a highly-developed modern 
servomechanism can measure the rate- 
of-change (and other time functions) 
of its own error.* 

Thus a servomechanism can obey a 
RANDOM command—which means that 
when the master says “Follow me with 
this heavy load” it will do so to the 
best of its power and of its ability. 
“To best of its power” means the horse- 
power or kva. rating of its servomotor, 
minus inertia, friction, etc. “To the best 
of its ability” means that it tries at all 
times to minimize its own error: to 
reduce its error to zero if it is designed 
without any dead zone or differential 
gap; to a hurmiessly small value if, 
for example, it is designed with an ad- 
justable electrical-contact device. More- 
over, it always succeeds in zeroing its 
error (or minimizing it) if it is in good 


*Implying that the relay in Fig. 7-1 must be 
a power modulator, not a mere power switch 
(all-or-nothing). This view is maintained 
throughout most of this Chapter in order to avoid 
complicating the presentation, However, there 
are modern servomechanisms whose relays are 
of the simple on-and-off type. Their performance 
is excellent in the particular applications for 
which they were designed. Therefore, the relay 
in Fig. 7-1 may be a mere switch. is is the 
reason why the linkage which actuates the relay 
is labeled “Error Detector’ and not “Error 
Measuring Means.” 


condition. It seldom suffers from steady- 
state load error or droop. 

Finally, an attribute of highly-de- 
veloped servomechanisms is that they 
zero their error in the least possible 
time and with little or no hunting. This 
attribute is known as stability.** 

In these four expressions—‘a random 
command,” “follow-up,” “zeroing the 
error” and “stability”—lies the sharp 
est distinction between a servomech- 
anism and any other kind of mechanical 
servant that moves a heavy load in 
obedience to a weak command. A servo- 
motor is only a motor; but a servo- 
mechanism—well, imagine a_ pilotless 
jet-copter able to fly or to hover, to 
zoom or to dive; and imagine yourself 
sitting in front of a map table, moving 
a stylus-contact slowly over the map 
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Fig. 7-2. Automatic control system whose 


controller includes a servomechanism instead 
of a mere servomotor. The command to the 
servomechanism is not shown as a change of 
position (as in “A” of Fig. 7-1). Reason: in 
practice many commands are changes of voltage 
or pressure. Even mechanical commands are 
seldom straight-line or small-angle but are 
rotations over angles greater than 360 degrees. 


to command the jet-’copter where to 
go and twirling an altitude-command 
knob from time to time to make the 
jet-’copter take off and hurdle moun- 
tains and make landings and take off 
again. This whole system—the combi- 
nation of control desk and guided air- 
craft—is a servomechanism.t 

Actual servomechanisms, of course, 
are far from spectacular; most of them 
are used as already mentioned in other 
chapters: as valve positioners and in 
other seemingly inferior but really es- 
sential roles—not only in controllers, 
but in computers, in telemeters, in re- 
corders, etc. Often, the servomechanism 
is the most important component; some- 
times the costliest; but it always is a 
mechanical servant which obeys the 
measuring system’s position command. 
This obedience to the commands of the 
measuring system is brought out in 
Fig. 7-2. 


**Same word as a 
a measuring instrument, 
dynamic stability. 


tTechnically it is more, in two ways: (1) it is 
a plurality or multiplicity of servomechanisms; 
(25 it incorporates the aircraft power plants 
which are not essential components of a servo- 
mechanism, But the reader will overlook this 
technicality. 


measuring property of 
but diferent meaning: 
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Figs. 7-3, 7-4 and 7-5 


Note that the master (the measuring 
system or manual knob) may command 
the servomechanism directly as in Fig. 
7-1 or through one or more stages of 
power amplification as in Fig. 7-2. 


Important Distinctions 

In the foregoing paragraphs, where 
the two words beginning with “servo” 
were printed, the reader’s eyes have 
had to pause and go back several times, 
to make sure what was meant, although 
both words were used correctly. Since 
the mid-thirties these words have been 
used indifferently in some books and in 
many articles. Even the shorter noun 
“servo” has been used to designate 
either a servomotor or a servomech- 
anism, without hinting which is meant. 
At this point, therefore, it may be well 
to repeat some distinctions stated brief- 
ly in Chapter I; and to re-state them in 
their 1927-1930 elaborateness: 

A self-operating measuring instru- 
ment or automatic controller does not 
actuate or operate its final element by 
means of a servomotor. 

A relay-type (or servo-operated or 
auxiliary-powered) instrument—for 
measurement or for automatic control 
—embodies a power unit which op- 
erates the final element. This power 
unit is a servomotor but the term power 
unit was proposed when formulating 
Instrumentation, to distinguish this ele- 
ment from a full-fledged servomech- 
anism. 

Some relay-type instruments embody 
full-fledged servomechanisms whereby 
the final element is positioned with 
speed and precision. 

Note carefully: 

A servomechanism ordinarily em- 
bodies a servomotor, which is called 
“power output element” or “servomo- 
tor” or simply “motor” in the current 
literature on servomechanism theory. 
Functionally this element is the power 
unit.* Therefore, in the remainder of 


*In some servomechanisms the power source 
is a rotating shaft and the power unit is not a 
true motor but a clutch-like device: a mechanical 
power modulator, Therefore it cannot be stated 
flatly that every servomechanism. embodies a 
servomotor. 
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this chapter it will be called the power 
unit generically (or by specific names 
such as “reversing motor,” etc.). In 
Fig. 7-2 it is labeled M. 

Now for the distinction between serv- 
omechanisms and automatic controllers, 
governors, regulators, ete. A direct 
quote: 

“Servomechanisms are the precious 
fruit of so much intense work by so 
many geniuses, that it’s a crying shame 
to have the meaning of the purely tech- 
nical term servomechanism expanded 
wantonly and cheaply. . .. The ther- 
mostat in your wife’s electric iron, the 
water-level float valve in your bath- 
room, the voltage regulator in your 
car, the AVC in your radio, and hun- 
dreds of other automatic gadgets, are 
error-correcting devices but they are 
not servomechanisms. (Common mis- 
application of the dictum de omni et 
nullo: ‘cats are animals, dogs are ani- 
mals, therefore dogs are cats.’) ...A 
servomechanism may serve a primary 
element or a measuring system, such 
as a manometer, a thermocouple, a 
tachometer, etc., but it does not include 
or comprise this element or system 
whose commands it obeys. Slave and 
master must not be confused—even 
when the slave is Socrates and the 
master an otherwise undistinguished 
person. ... The combination ... is 
... an automatic controller.” 

This was published before the first 
book on servomechanisms came out. 
Now, some writers on servomechanism 
theory assert that all automatic con- 
trol systems are servomechanisms. They 
have a perfect right to do so; instru- 
menticians have an equal right to de- 
clare: “We hold the truth pictured in 
Fig. 7-2 to be self-evident: that with 
the exception of certain automatic po- 
sition-control systems, not a single au- 
tomatic-control system in all the world 
is a servomechanism.” 


The automatic position-control systems which 
are controllers and servomechanisms at the same 
time are the contour controllers on machine tools, 
and other mechanisms in which the command is 
a continuous or frequent change of position. 
(Even so, extremists among Instrumenticians 
assert that the simplest template is a “master,” 
hence not part of the servomechanism.) 


Qualitative Description of Performance 


(From here on, “servomechanism” is 
abbreviated “SM.’’) 

Consider first the mechanism sketched 
in Fig. 7-3. It is a positioning mech- 
anism but not necessarily an SM. The 
“finger-tip command” feature might 
represent an ordinary switch or an- 
other form of on-and-off power relay: 
pneumatic, hydraulic, electrical, etc.— 
in which case Fig 7-3 would be a 
motor, not an SM. The picture doesn’t 
show the load which, as the size of 
the rack-and-sector suggests, is a heavy 
one. Let’s assume that the load is the 
steering machinery of an ocean liner 
or of an aircraft carrier. The lever 
now ceases to be a switch and becomes, 
functionally, the-“master” of Fig. 7-1. 
If you are steering the ship, you will 
not be operating an off-and-on relay: 
when you wish to change the rudder 
position you will change the position 
of the input lever, knowing that the 
power unit will immediately start ro- 
tating the output shaft, and expecting 
that this displacement will stop when 
the output shaft’s position corresponds 
exactly to the position of the input 
command. The Fig. 7-3 device now be- 
comes the Fig. 7-4 SM which is pro- 
vided with input and output dials. 
These dials, though not essential com- 
ponents of any SM, are added to en- 
able you to observe the performance 
of this SM. You decide to observe its 
performance by observing what it does 
(1) when you shift the input lever 
suddenly, (2) when you move it at 
constant speed, and (3) when you jiggle 
it back and forth. 

(1) When you shift the input sud- 
denly, you observe that the output 
shaft does not instantly move with its 
heavy load to its new position. 

This is natural. To make even a light object 
move from rest to a high speed in a short time, 
and then to stop it in its new position, takes lots 
of power. If the “‘light object’’ weighs only 150 
grains, the requisite power to give it the “‘high” 
speed of 2770 feet per second in the ‘‘short time” 
of 0.0015 second will be about 200 horsepower. 
(This light object, as ex-riflemen have guessed, 
is the M2 bullet.) 

(2) When you move the input lever 
s-l-o-w-l-y, the output shaft follows the 
command so faithfully that you cannot 
see the SM’s error—the angle between 
the input and output pointers. 

(3) When you jiggle the input lever 
rapidly, the output shaft stands still. 
The error is fully 100 percent. 


These qualitative tests have brought 
out almost ali that has to be known in 
a general way about the three prin- 
cipal performance characteristics of a 
heavy-duty SM. 


A fourth characteristic appears—also 
qualitatively—when the ship is in dry- 
dock: with only air resistance on the 
rudder, you discover that the response 
to a sudden-shift command is faster 
than with the rudder in water (as ex- 
pected) and that there is some over- 
shooting. Evidently, water had a stabil- 
izing influence. Evidently, also, the 
SM had been so designed or adjusted 
that the water served as critical damp- 
ing (see Chapter XII). 





A fifth characteristic was obvious 
during all these tests: there was no 
“feel-back” as there is, for example, 
in aircraft torque amplifiers. (A good 
SM imposes no drag on the measuring 
instrument or relay which commands 
it, and its over-all power gain is in- 
finite.) 

Simulating Actual Tests. As in per- 
formance tests of actual SMs, your 
hypothetical SM may be instrumentized. 
The equipment is shown in Fig. 7-5. 
Note the repeat-back pointer RBP. It, 
or its equivalent, is an absolute essen- 
tial of an SM, for every SM must know 
its own error. Note also that the spe- 
cial shape of RBP resembles the usual 
shape of the feedback loop in the usual 
SM diagram although RBP is definitely 
not a feedback. 

Mistakes are sometimes made by experts who 
use the same graphic symbo! for the repeat-back 
and the feedback and then confuse them al- 
though they know that feedback is the feeding 
of a part of the output ENERGY (OR POWER) 
into the input, whereas repeat-back is an OPEN- 
ENDED indication. 

In Fig. 7-5, the input lever actuates 
the recording instrument at the left. 
This is a low-inertia instrument like 
an oscillograph. Its scale reads 0 to 8, 
with 4 representing the SM’s mid-po- 
sition. Its chart travels leftward, so 
that the record of input commands is 
like the usual time graph. 

For the error, you have both an in- 
dicator and a recorder. The tips of 
the input pointer and of the RPB, to- 
gether with one graduated scale for 
the pair, provide you with so conven- 
ient an error-detecting means (EDM) 
that you can use it as an error-measur- 
ing means when things don’t happen 
‘too fast for your eyesight. The true 
EMM consists of a sector-and-pinion 
and its operation is self-explanatory: 
it actuates an error-recording instru- 
ment (the one on the right) also hav- 
ing low inertia. The scale of this error 
recorder is graduated plus and minus 
4, with zero center. Ideal performance 
would be a constant zero regardless of 
the randomness of the command. 

Note that these two autographic in- 
struments do not give you records of 
input and output but of INPUT AND 
ERROR. 

First test: At time 1 you have sud- 
denly moved the input lever from 6 to 
2. The error record shows an imme- 
diate error of four scale divisions, fol- 
lowed by an overshot of 2 below the 
zero axis, then 1 above, then 0.5 be- 
low, etc. 

Second test (at time 2): You have 
suddenly moved the input lever half 
as much: from 2 to 4. The error record 
resembles that of the first test. This 
shows that the extent of a sudden 
command does not matter: the supD- 
DENNESS causes the error. 

As mentioned earlier, this particular 
SM performed without hunting when 
the rudder was submerged. The error 
recorded in Fig. 7-5 was produced in 
a dry-dock test. Such wiggles of the 
error record would ordinarily betray 
“too much flywheel effect,” i.e. excessive 
inertance. The major component of 
the total inertance often is an SM’s 
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Fig. 7-6. An imaginary five-pen recorder 
traces records of the position commands (top) 
and of the performance of two servomechan- 
isms, one “‘badly adjusted” and the other ‘“cor- 
rectly adjusted.” 
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own power unit—especially if this 
power unit is an electric motor. As a 
rule, the higher the inertia, the higher 
the damping required, and the slower 
the SM. 

Uniform-veloeity Commands: For the 
third and fourth tests let’s imagine 
that you are comparing the perform- 
ance of two SMs, one badly adjusted 
and the other correctly adjusted. Now 
the instrumentation consists of the 
ideal five-pen recorder shown in Fig. 
7-6. The upper three pens write input 
records: first, the position of the input 
lever; second, the instantaneous veloc- 
ity of the input lever; third, its positive 
or negative acceleration. The fourth 
pen is actuated by the error-measuring 
means of the badly-adjusted SM; the 


PART 2—PHYSICAL 


Figs. 7-7 and 7-8 show the principal 
physical elements of two electromechan- 
ical SMs. In each, the input command 
is mechanical, the error-measuring 
EMM is mechanoelectrical, the external 
source of power is electric, the ampli- 
fier A which valves or modulates this 
power is purely electrical, and the 
power unit RM is a reversing-type elec- 
tric motor, that is to say, an electro- 
mechanical translator, transmuter or 
transducer. (Since this is written for 
instrument men, the EMM has been 
emphasized in both drawings, and the 
other components subdued.) 

The large repeat-back pointer which 
was the purposely-exaggerated feature 
of Fig. 7-5 is absent but its position- 
reporting function (which is an essen- 
tial one as indicated in Fig. 7-2) is ac- 
complished by having the output shafts 
extend rearward (leftward) coaxially 
with the input spindJes. This is an 
actual arrangement in many compact 
self-contained “package-type” commer- 
cial SMs. (Where gear-trains are used, 
they must be of “instrument quality,” 
especially when a thousandth of an 
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fifth pen by the EMM of the correctly- 
adjusted SM. Here is what the records 
show: 

Third Test (left-hand half of Fig. 
7-6): At time 3, your command veloc- 
ity changed from zero to a constant 
value ALMOST SUDDENLY (note slight 
off-verticality of velocity record at time 
3); and again almost suddenly back to 
zero at time 4. At time 3, there was 
a “very high” positive acceleration of 
your input lever and at time 4 a “very 
high” negative acceleration (those 
aren’t palm trees but ink blots: accel- 
eration-recorder pen hitting the stops). 
The error records show serious hunting 
by the badly-adjusted SM at time 3 
and at time 4; and excellent perform- 
ance by the correctly-adjusted SM. 

Fourth Test (right-hand half of Fig. 
7-6): This may be likened to gently 
starting and gently stopping acar. You 
command the output shaft to be accel- 
erated gently at time 5, and decelerated 
gently at time 6 just before the desired 
position is reached. 

It would appear at first thought that 
the gentle acceleration can easily be 
realized in practice but that only an 
extraordinary mechanical or electrical 
“brain” could know when to apply the 
brakes before the load arrives at its 
destination—especially in view of the 
fact that an SM receives RANDOM com- 
mands, so that there is no opportunity 
of installine in a fixed place the equiva- 
lent of a “slow” road sign. In prac- 
tice, however, the easy stop is obtain- 
able—not merely by damping but be- 
cause the SM knows its own error at all 
times. Its error-measuring means and 
its amplifier issue commands to its 
power unit—as a rule continuously. 
Therefore, when the error is diminish- 
ing, the command to the power unit is 
VARIED in a predetermined manner to 
prevent overloading. 


TYPICAL SERVOMECHANISMS 
inch in the position report represents 
an inch in the position of the output 
load.) In other SMs—especially the 
larger and costlier ones—the repeat- 
back function is accomplished by elec- 
trical position-repeating systems, gen- 
erally of the rotary-inductor type. 
(These, too, must be of precision qual- 
ity. During the second world war the 
Navy paid astonishingly high prices 
for some of these “synchros.”) 

In Figs. 7-7 and 7-8, to emphasize 
where the repeat-back means ends in 
the error-measuring means and closes 
the loop, an arrowhead symbol repre- 
sents a sliding contact and a zigzag sym- 
bol represents a simple voltage divider. 
In actual SMs the physical form of this 
conjunction may be a precision variable 
resistor, capacitor, inductor, or any 
other convenient arrangement for pro- 
ducing an effect (usually a voltage) 
which is exactly related to the cause— 
the error angle. The relation between 
error angle and error signal may be 
simple proportionality, or quadratic, or 
square root, or a trigonometric relation, 
or a time function such as integral or 
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POWER SOURCE 
derivative—to suit the requirements of 
the “brain-box” A. 

In Figs. 7-7 and 7-8 the repeat-back 
member, as a member of the error- 
measuring means EMM, generates an 
error voltage EV which is linearly pro- 
portional to the error angle EA; and 
the polarity of EV corresponds to the 
sign of EA. The center-tapped battery 
of six celis is an actual physical compo- 
nent of a few SMs; in most SMs 
powered by a commercial a-c. supply, 
step-down transformers and rectifiers 
are used and the design is such as to 
assure that EV=0 when EA=—0. 

(At this point it is well to note that this con- 
version of an error angle into an error voltage 
does not constitute feedback. No portion of the 
output power or energy is fed back to the input 
——which input is not a voltage but a position 
the position of the input spindle. The SMs shown 
in Figs. 7-7 and 7-8 may or may not be feed- 
back type SMs. The diagrams do not show any 
feedback; the possibility of the presence of feed- 
back in either or both will be explained later.) 


The battery or its equivalent is a 
source of auxiliary power. The function 


of this EMM is to enable the input 
to command this power. Functionally, 
therefore, this EMM could be a prime 
relay; but it is not, because its output is 
a voltage, not a wattage. However, the 
combination of the EMM and the am- 
plifier is—again functionally—a relay. 
The input being theoretically devoid of 
power, the gain of this relay is infinite. 
In Fig. 7-1 the relay—whether single- 
stage or multi-stage—likewise had a 
theoretically infinite gain. 

In Figs. 7-7 and 7-8 the shaded-box 
symbol signifies that all components 
of the “chain” between input and out- 
put are so shielded from external dis- 
turbances that their designed functions 
stay put. We thus differentiate the 
diagram of a self-contained SM from a 
process-control diagram where (in 
general) only the desired value stays 
put and all else is subject to unfore- 
seen disturbances. The shaded boxes 
have three “disturbance” openings: (1) 
for the input, which is random, unlike 
the desired-value setting of an auto- 
matic controller; (2) for the output 
shaft, which is subject to random 
changes in friction and other changes, 
as in the case of a radar antenna in 
a strong wind; (3) for the power 
source, which is not always well regu- 
lated in industrial applications and is 
usually subject to voltage and fre- 
quency fluctuations in military applica- 
tions. 

In Figs. 7-7 and 7-8 the input is a 
spindle rotation and the output is a 
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A—Amplifier. 

D—Differential gearing whose ring-frame re- 
mains stationary in absence of error. 
DM—Damping means. 

EA—Error angle. 

EMM—Error measuring means. 
EV—Error voitage. 

GR—Gear-reducer unit. 

OSE—Output shaft extension. 
RF—Ring frame or “spider.” 
RG—Reversing gear. 

RM—Reversing motor. 


power-shaft rotation, but with the dif- 
ference that the rotation of the Fig. 
7-7 input spindle is limited to 180 de- 
grees whereas that of Fig. 7-8 is un- 
limited. The first SM is a “plain 
position” SM (or angular-position SM, 
or angle-type SM) and therefore a 
handle has been drawn on its input 
spindle. 

The second is likewise a positioning 
mechanism (as are all SMs) but it 
may be called a “speed type’ SM 
because, in order to minimize its error 
at all times, it must make its output 
shaft follow closely (i.e. “pace’’) the 
many-turn rotation of the input spindle 
whether this input rotation is fast or 
slow. In other words, in order to start 
correcting a small load-position error 
before it grows big, the output angu/ar 
velocity must not be allowed to depart 
from more than a “short time” (rela- 
tively speaking) from the input angu- 
lar velocity. Therefore, no handle is 
shown on the input spindle and the 
Greek-letter symbol for angular fre- 
quency (speed) is lettered under both 
the command spindle and the load 
shaft. (The symbol J above the output 
shaft means intertance: the inertia of 
the load and of the SM’s own rotating 
parts.) In the Fig. 7-8 SM, the EDM 
comprises a differential D, which neces- 
sitates the use of reversing gear RG to 
make the output shaft extension OSE 
(which drives gear 2) turn in a direc- 
tion opposite to that of the input 
spindle (which drives gear 1). Thus 
the four pinions carried by ring-frame 
RF rotate without revolving when the 
output shaft angle equals the input- 
spindle angle (when there is no error). 
When there is an error angle between 
input and output, ONE-HALF of this 
angle is indicated by the ring-frame 
RF and the slider which it carries devi- 
ates from the center of the voltage- 
dividing resistor. The result (assum- 
ing a linear resistor) is EV propor- 
tional to EA. Fig. 7-8 shows the slider 
at the center, indicating zero error. 

Note that an EA greater than about 
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five radians (286 degrees) cannot be 
measured and presumably is forbidden. 
This is a high-precision SM. (In prac- 
tice, however, a high-precision SM 
would seldom use the gears shown be- 
cause they would produce “noise” in the 
signal-contaminating sense.) 

In the angle-type SM, Fig. 7-7, the 
power unit consists of reversing motor 
RM and gear-reducer GR. The motor 
RM should obviously be a relatively 
small and relatively high-speed one, 
capable of reversing in a relatively 
short time. However, the input com- 
mand is limited to 180 degrees total 
rotation (as indicated by the angular 
length of the voltage-dividing resistor 
on the EDM’s input comparison disk), 
so that a temporary error of 100 per- 
cent is permissible. Now then, sup- 
pose that instead of a voltage divider 
—which is a modulating device—there 
were a simple arrangement of high and 
low contacts: a polarized Group 6 re- 
lay. The action would be on-and-off. 
But almost the same action would be 
obtained if the gain of amplifier A were 
maximized: if a “very small” value 
of EV resulted in full amplifier output. 
In other words, if a small (say a 
tenth-degree) EA resulted in unim- 
peded flow of electric energy from the 
power source to RM, the action would 
be practically on-and-off. Thus, re- 
ferring back to the first footnote in 
Part 1, it may be added that no sharp 
boundary divides the on-off-relay SMs 
from the modulating-relay SMs. In 
practice, of course, the gain of A 
in the Fig. 7-7 SM would be adjusted 
to supply full power to RM at an EA 
greater than a tenth degree and much 
less than 180 degrees—certainly less 
than 90 degrees and probably less than 
45 degrees. The optimal adjustment 
would depend largely on the maximal 
available output torque, on the speed- 
torque characteristic of RM, on the total 
inertance of RM, GR and load, on the 
amount of “anti-hunt” output damp- 
ing, and on the form of the relation 
between EA and wattage to RM: 
whether linearly proportional or not. 
If the voltage divider is linear (so that 
EV is linearly proportional to FA), 
there would be overshooting whether 
the proportional band be zero (on-off) 
or 180 degrees; and, after settling 
down, the load error or droop angle 
would be proportional to the propor- 
tional-band angle (as explained below 
under “Transient Response”). 





PART 


3—FOR NON-MATHEMATICIAN READERS WHO 


STUDIED 


CHAPTER XII, OR WHO HAD ALREADY LEARNED ITS LESSONS FROM 
EXPERIENCE WITH THE PERFORMANCE OF MEASURING SYSTEMS 


INPUT DAMPING 

Consider the physical components 
of a true random continuous-rotation 
or speed-type SM such as Fig. 7-8. The 
reversing motor RM has been drawn 
as a direct-drive motor, its rotor shaft 
being the output shaft. Therefore, even 
if the load is not inertial but entirely 
frictional, the inertance of the rotor 
of a (relatively) heavy duty reversing 
motor makes it impossible for the out- 
put to follow the input instantaneously 
(or even “rapidly”). One solution con- 
sists in the addition of a component 
which was not needed in the Fig. 7-7 
SM, namely the input damping means 
DM. It may be a simple flywheel, or 
an elaborate viscous damper, or a com- 
bination. The most obvious function 
of this DM is to prevent a step input 
(infinite acceleration) greater than the 
measuring range of the EMM (in this 
case, about 570 degrees: twice the volt- 
age-divider length because of the differ- 
ential). More precisely, the function 
of this DM is to prevent any needlessly 
high positive or negative acceleration 
of the input-spindle’s rotation, that 
is: (1) any acceleration of the input 
spindle which is greater than the no- 
load pick-up of RM plus the maximum- 
torque-command angle; (2) any de- 
crease in the spindle speed which is 
greater than the braking of RM plus 
the equivalent  inverse-braking-time 
angle. In either case, the input accel- 
eration is needlessly high because it 
results in a needlessly large error angle. 

This dual function of the input-command’s 
damping means may be explained by an analogy 
in which a length represents the error angle: 

You are driving up a slight grade in a light 
car with a 200-hp. engine. In the next lane is 
a heavily-loaded truck. On the side of your car 
hangs a 15-rung ladder, with its rungs marked 
10-0-5. The truck driver constantly tries to keep 
the center of his cab window exactly opposite 
the zero rung. When the error is zero he main- 
tains his speed, whatever this speed may be. 
When you are slightly ahead, he speeds up 
slightly; when you are ahead by a length of 10 
rungs, he opens wide his engine's throttle. When 
you are slightly behind, he brakes a little; when 
you are 5 rungs behind, he applies maximum 
braking. Consequently, if at any instant you are 
ahead by more than 10 rungs, or behind by more 
than 5 rungs, the excess error-length is needless. 
And if you speed ahead or drop behind by a 
distance of, say, 30 rungs or two ladder lengths, 
you will lose control. Under these circumstances, 
your racing car (representing an undamped 
input command) should be ‘damped’ to prevent 
its needlessly high acceleration or braking and 
the resultant needlessly great error-lengths. 

So far the analogy is incomplete because the 
input car and the output truck, being ordinary 
highway vehicles, have naturally been assumed 
to traveling forward only. To make the analogy 
closer to an actual SM, the vehicles may be a 
pair of double-header subway cars, each having 
exactly similar operating characteristics in both 
directions; one car the fast ‘‘master” and the 
Other car the heavily-loaded ‘‘slave.” 


Since the function of DM is to round 
out “steps” and to smooth out “jiggles” 
in the command, the need of a DM is 
not absolute but relative. To a heavy- 
duty SM with a 500-hp. electric motor, 
a command in the form of a one-cycle- 
per-second sine wave, with an ampli- 
tude of five turns of the output shaft 


(ten turns peak-to-peak) would be a 
“fast jiggle” which this SM could not 
obey; but this same command could 
be obeyed accurately by an _ instru- 
ment SM with miniature components. 
You can verify this by twirling a pipe- 
cleaner between the palms of your 
hands ten turns one way and ten turns 
back, at the rate of two alternations 
per second: imagine the pipe-cleaner 
to be the output shaft of a tiny SM; 
and then imagine it to be the rotor 
of a 500-hp. motor plus a load of the 
same order. 

This relativity influences the selec- 
tion of SMs. In order to determine the 
need of a DM and its damping prop- 
erties, the user should know (1) the 
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highest expectable maximum accelera- 
tion of the input command (the 
“peak”), expressed in radians per sec- 
ond per second; (2) the longest ex- 
pectable duration of this peak. With 
both these data at hand, the user can 
apply three criteria: 

(1) The ratio R, of the input accel- 
eration peak to the highest realizable 
full-load output acceleration of the SM 
being considered (also expressed in 
radians per second per second). 

(2) The ratio R, of the duration (in 
seconds) of this peak input acceleration 
to the SM’s maximum permissible error 
angle (in radians). The critical value 
of this ratio, for R,=1, is 1.41 (from 
the relation S = % at?). 

(3) The ratio R, of the duration of 
peak input acceleration to the charac- 
teristic time of tlie SM’s power unit 
pius load. Different authors give differ- 
ent ways of calculating this character- 
istic time but an approximate value 
is: Moment of inertia of rotor multi- 
plied by two (because the load usuaily 
matches it), divided by damping co- 
efficient of combined SM and load— 
which in many cases is either the back- 
emf. damping of an electric motor (ob- 
tainable from the manufacturer) or an 
adjustable artificial damping whose 
range of values is known. The critical 
value of R, is unity for R,=1. 

These three criteria are related to 
one another. If R, << 1.41 and R,<< 
1, that is to say, if the duration is neg- 


ligibly small with respect to both the 
time for EA to reach its permissible 
maximum, and the characteristic time, 
then R, may be greater than unity. If 
R.,> 1.41 and R, > 1, then R, should 
“< 2 


TRANSIENT RESPONSE 


There are cases where the foregoing 
paragraphs will not apply—the in- 
put velocity will be expected to increase 
relatively instantaneously. Such a sud- 
den command is called a “step input.” 
The resultant SM behavior, called its 
transient response, can be computed 
accurately when the characteristics of 
all essential components are known. 
This exact science is highly mathe- 
matical. The physical fundamentals, 
however can be simplified and reduced 
into the equivalents of those discussed 
in Ch. XII. They are as follows: 

The load (lumped with the rotor) 
can be imagined to be the mass M of 
Ch. XII. Then if rotation be substituted 
for translation, the angular displace- 
ment FA will represent the linear dis- 
placement D. The equivalent of the 
spring is provided by the conversion of 
EA into EV and the conversion of 
EV by the amplifier into a torque, that 
is to say a force. If the torque is as- 
sumed to be proportional to FA, then 
we have a “spring constant” K. The 
value of K, i.e. the “stiffness” of the 
“spring,” will then be the gain of the 
amplifier. If complete absence of fric- 
tion and output damping is assumed, 
the effect of a transient will be sus- 
tained oscillation because a transient, in 
this case, would be equivalent to shut- 
ting off the power, rotating the load 
by hand through FA and then sud- 
denly closing the switch. (Obvious re- 
sult: the load will start rotating, will 
pass through the zero-error point at 
highest velocity and will not stop until 
it reaches EA on the opposite side, 
when the same sequence will begin in 
reverse, and so on.) 

As in Ch. XII the ratio of the “stiff- 
ness of the spring” (here the gain) to 
the mass will determine the natural 
frequency of the oscillations. 

And as in Ch. XII, the amount of 
damping will determine the dying-down 
of oscillations. 

But now there are important differ- 
ences, because the SM is a closed-loop 
system, whose behavior depends less 
on absolute time intervals between 
events than on phase relations. In 
other words, the sequence of events is 
circular and some “causes and effects” 
are bidirectional, so that the simple 
equations of Ch. XII cannot be used for 
plotting response curves. Nevertheless, 
one of the important differences can be 
stated in words: 

In Ch. XII it was shown that oscilla- 
tions build up if a periodic force is ap- 
plied (from the outside) to the frame 
of a mass-spring system, when the fre- 
quency of this force equals the natural 
frequency of the system. In the case 
of the SM, even though the auxiliary 
power supply be perfectly steady (reg- 
ulated d.c., for example) it is possible 
for a transient to start oscillations 
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Fig. 7-10. Initiaiiy (at time = 6) there is no 
error. Then, at the moment the measuring- 
system master issues a sudden command, the 
error becomes 100 percent—because the load 
has not yet begun to move. The reader may 
disregard “positive” and “negative” because 
these terms are often used in opposite ways. 
Note from the absence of steady-state load 
error that (1) the load is constant or (2) this 
SM happens to be a position SM with output 
angle proportional to time integral of posi- 
tional error. 


which will build up to a destructive 
degree; and it is possible to adjust the 
phase relation between EA and instan- 
taneous torque so that the oscillations 
started by a transient will die down. 
Analogy: a rocking-chair, which you 
can ultimately knock over, or gradu- 
ally stop, by the “timing” of your 
pushes. (Note: analogy imperfect in 
two respects: (1) rocking-chair oscil- 
lations will not build up; (2) rocking- 
chair frequency is constant whereas a 
phase adjustment in the SM will alter 
the frequency.) 

Similarities of Disturbances 

If now we assume that the transient 
is not a sudden command but a sudden 
load change, the preceding paragraph 
will still be true. And likewise if the 
transient is assumed to be a sudden 
change in the auxiliary-power voltage. 
To the SM, all three forms of sudden 
changes are similar. 

Hence the three similar “disturbance open- 
ings” in the shaded “boxes” of Figs. 7-7 and 
7-83. Of course, disturbances occurring within 
these “boxes” are familiar to 8M designers, for 
their work consists in improving the components 
for the benefit of users. 


Constant load may produce load error 


Actual SMs are often used to position 
loads which exert a torque on the out- 
put shaft even when EA=0. (Famil- 
iar example: the stem of an unbalanced 
control valve.) Therefore let us as- 
sume that the load of the SM now un- 
der consideration (with output torque 
proportional to EA) is an elevator 
cage. Let us further assume that this 
SM is adjusted for passenger comfort: 
smooth start; no oscillation; smooth 
stop. Will it completely zero its error? 
The answer is no and the reason was 
given above when the output torque 
was likened to the spring constant. If 
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this SM has been adjusted for five 
passengers in a ten-passenger cage, it 
will stop above floor levels when the 
cage is empty and below floor levzis 
when the cage is full.* The EA ufter 
settling down will be a fraction of the 
width of the proportional band. This 
fraction will be inversely proportional 
to the “spring stiffness” (amplification) 
and directly proportional to the positive 
or negative difference between the de- 
sign load of passengers and the actual 
load. This remaining EA is the load 
error or droop. It cannot be eliminated: 
if it is minimized by high angular am- 
plification, such as a small pulley on 
the output shaft (giving a large ratio 
of EA to load-position error) this 
means either a proportional decrease 
in elevator speed or a proportional in- 
crease in horsepower. According to 
some authors, a follow-up that suffers 
from droop is not a true SM. 


Output Damping 


So far, the SM under consideration 
has been assumed to lack output damp- 
ing. If it were exactly analogous to 
the systems in Ch. IV, the effect of 
damping would be exactly the same. 
Actually, true viscous output damping 
in most SMs has a closely similar ef- 
fect in spite of the difference between 
the closed loop and the open system. 
The similarity is closest in the case of 
the transient response, as shown by 
Fig. 7-10. With critical damping, the 
error diminishes to about 2 percent of 
its initial value after an interval of 
about six times the undamped natural 
frequency. These curves are those of 
the response with simple proportion- 
ality of instantaneous torque to FA. 
The introduction of damping has slowed 
down the response. Damping is power 
dissipation. Increasing the gain (the 
power amplification) results in a faster 
response (higher natural frequency, 
hence smaller time equivalents of the 
abscissa in Fig. 7-10) but if the damp- 
ing is not correspondingly increased the 
effect is to change from a non-oscil- 
latory or slightly underdamped re- 
sponse curve to undesirable oscillations. 


Braking, Clutching, etc. 


In addition to purely frictiona! brak- 
ing, various liquid, gas and electrical 
systems are used to slow down load os- 
cillations. Rotary-type hydraulic motors 
have a certain amount of inherent vis- 


*The assumption is an EMM as in Fig. 7-8, 
not the contact strip or vane-type pick-up of 
the usual automatic elevator. 
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cous drag which prevents “runaway” 
speed at no load even with wide-open 
main throttle. Some electric motors 
have a type of electromagnetic “vis- 
cous” drag (force proportional to 
speed) adjustable from zero up, by 
means of a remotely-located knob. 

For quick reversal of load movement, 
two sources of power are sometimes 
used instead of one reversing motor 
(whose own inertia would be a parasitic 
load). Possible arrangements: 

(1) With hydraulic or pneumatic 
power this permits using one cylinder 
as the driver and the other as the ad- 
justable damper—exchanging their 
roles at any instant. 

(2) With a pair of shafts continu- 
ously rotating in opposite directions, 
as in Fig. 7-11, the quickest reversal of 
load motion is obtained with a pair of 
non-slip ratchet-and-pawl clutches— 
plus shock absorbers, of course. For 
all but the smallest applications, shock- 
absorbing clutches are used: hydraulic, 
magnetic, magnetic-fluid, etc. As a rule, 
the two clutches are remote-command- 
ed electrically. 

“On-and-off” Control 

It is important to note that SMs 
employing any of the schemes just men- 
tioned are not like the ones shown in 
Figs. 7-7 and 7-8. They do not have 
the voltage-dividing resistor whereby 
the torque is proportional to the instan- 
taneous error. Instead, they may be de- 
scribed as the type which has a snap- 
action 3-position switch whereby a force 
is instantly applied to the load, driving 
the load toward the desired new posi- 
tion. See Fig. 7-11. 

To simplify the discussion, the force 
(in either direction) is assumed to be 
constant-—like gravity, so that the 
simple laws of falling bodies (s 

eat2, etc.) can be used. Consider first 
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what happens without damping: when 
a position-change command is issued, 
the load starts “falling” toward the 
desired new point, but without slowing 
down. The moment it crosses the point, 
“gravity” ceases to act on it and “anti- 
gravity” starts acting on it. 

(The time graph, Fig. 7-12, closely 
resembles a sine curve. It consists of 
parabolas, each like the trajectory of 
a projectile in a vacuum.) 

Now introduce damping. The “falling 
body” no longer falls in a vacuum but 
meets a viscous drag. The result is 
that the oscillations are attenuated, but 
(theoretically) never die down. 

Obviously, “gravity” should be turned 
off and “antigravity” turned on before 
the load reaches the commanded new 
position. In the SM of Fig. 7-11, this 
means: (1) that the snap-action switch 
should not be located at the desired new 
position of the load but somewhere 
between the initial position and the 
desired position; (2) that this “some- 
where,” being a function of known 
forces, masses, etc., is computable and 
therefore the correct distance ratio can 
be built into this type of SM.* 

The advantage of this “snap-switch 
or snap-action valves” type of SM is 
that it can move a load in the least 
time with a given amount of available 
power. This is in theory; in practice 
one finds its equivalent on huge ma- 
chines in shipyards rather than on in- 
strumentation devices. 

Therefore let us return to the great 
majority of SMs (Figs. 7-7 and 7-8); 
and to the problem of load error or 
droop. 


MODES OF CONTROL 


The various solutions of this problem 
in actual SMs consist, as was briefly 
mentioned, in replacing the simple in- 
stantaneous proportionality of output 
torque to error by one of a number of 
more refined relations, involving time 
functions and phase functions. Two 
of these are well-known because of 
their wide use in automatic controllers: 


Using the Rate of Change 


The “rate” or “derivative” relation 
causes the amplifier’s gain, and hence 
the instantaneous torque, to be propor- 
tional to the rate-of-change of the 
error. This results in theoretically in- 
finite gain at the start of a transient, 
when the error must be opposed most 
strongly, and zero gain when the accel- 
eration of the error (not the error it- 
self) diminishes to zero. Therefore, 
when it and other adjustments are 
correct, the effect is to make the tran- 
sient response of the SM much faster 
without overshooting; or it is like in- 
troducing a non-dissipative form of 
damping while stepping up the gain. In 
some circles it is called “boost,” 
“booster,” etc.; in others it is called 
“damping,” etc. The correctness of ad- 
justments or settings of actual com- 
ponents depends on their physical char- 


*For an elementary discussion, including one 
possible solution by simple arithmetic, see Jn 
struments, Vol. 20, Sept. 1947, pages 804-811 





acteristics, so that the “ideal” deriv- 
ative relation cannot be realized in 
practice. It may be said also that as 
a rule the smaller the SM, the closer 
the possible approach to the ideal. The 
fact is that few SMs are ever designed 
with derivative action only: when de- 
rivative is used, it is added to propor- 
tional. This combination minimizes 
droop but does not eliminate it. 


Droop Correction 

Another output-input time-function 
relation, likewise familiar to some users 
of automatic controllers, is termed “in- 
tegral control” in both SM literature 
and automatic-control literature. (In 
the latter it is called “proportional- 
speed floating,” “automatic-reset,” “me- 
tering control,” “variable-speed,” and— 
most vividly descriptive—‘“droop cor- 
rection.) As the name “integral” im- 
plies, a component of the SM knows 
at all times the accumulated error— 
the area between the curve of the tran- 
sient error and the zero axis—and 
causes the output torque to be propor- 
tional to this area. It can be shown 
mathematically that an ideal compo- 
nent of this type, aided by ideal char- 
acteristics of other components, will 
at all times cause the speed of return- 
ing the load to zero to be proportional 
to the instantaneous error. That is why 
the terms “integral” and proportional- 
speed floating” are generally considered. 


PART 4—A PAINLESS GLIMPSE 


ANALYSIS 
FREQUENCY-SPECTRUM RESPONSE 


This characteristic of any SM is its 
behavior when the command is a har- 
monic motion or a sinoidal oscillation 
of constant amplitude and continualiy- 
varying frequency. In the usual tests, 
this input is not manual but is obtained 
from a special instrument so that it 
starts at close to zero frequency and, 
after the data are recorded (manually 
or instrumentally), is speeded up in 
steps until it becomes a “jiggle’’ too 
fast for the SM to obey. The test is 
usually repeated with various amounts 
of output damping and with various 
adjustments of whatever components 
are adjustable. 

One need not be an expert to draw 
valid conclusions from even a glance 
at the family of curves (example, Fig. 
7-13) taken from a simple electrome- 
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Fig. 7-13 





to mean the same function. Actually, 
of course, one seldom finds close ap- 
proximations of either ideal. It never- 
theless is certain that a moderately-good 
SM with integral control does correct 
its droop—does minimize its error 
closer to zero by a factor of 5 to 60 
than it would without integral control 
—and this result may be said to be 
ideal. (Be that as it may, a true SM 
is defined by some authors as one with 
the integral mode of zeroing its error.) 


In testing for transient response, it 
often is found convenient (1) to repeat 
the sudden-command input automat- 
ically, by means of an instrument or 
apparatus which produces a square 
wave—either mechanical (which of 
course can only approximate a true 
square wave) or electrical; and (2) to 
record the SM performance by means 
of a direct-writing or cathode-ray os- 
cillograph. With these facilities, ex- 
perienced workers can discover, by 
studying the oscillograms: (1) what 
imperfections to remedy quickly with- 
out mathematical analyses; and (2) 
how to improve the performance of the 
SM under test with the barest minimum 
of computations. This is because tran- 
sient analysis made tremendous strides 
during the second world war: it has 
become an exact science—but its sub- 
ject-matter is beyond the scope of 
this Chapter. 

INTO THE TECHNIQUES OF 
SERVO SYSTEMS 


chanical SM—one with the minimum of 
components, as sketched in Figs. 7-7 
and 7-8—when it is subjected to a fre- 
quency-response test. 

But first a word to explain the uni- 
versally-accepted Amplitude Ratio or 
“gain” convention: 

It is customary to make the amplitude 
of the zero-frequency output equal to 
the amplitude of the zero-frequency 
command on the graphs, recorder 
charts, or ’scope screen. Thus, if the 
command is a 30-degree rotation of a 
tiny knob (plus and minus 15 deg.) 
and the output a 10-inch movement 
(+5 in.) of a gun carriage, both are 
made one inch (+0.5 in.) or whatever 
scale is convenient. This permits easy 
determination of the frequency regions 
where the “gain” is smaller and laryer 
than “unity.” 
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(Then, a plot of these successive 
ratios as ordinates, with frequencies as 
sbscissa, gives the response discussed 
a few paragraphs below.) 

Fig. 7-13 shows that the imaginary 
SM under test will not go into wild 
oscillations because: (1) its greatest 
amplitude ratio is not excessively high; 
(2) there is no sharp “peak”: the high- 
est-ratio curve is the top of a “mound” 
with gently-sloping sides. 

The sinoid command applied to a 
speed-type SM (such as Fig. 7-8) for 
frequency-response tests may be of 
two distinct kinds: 

(1) A command to move the load 
back and forth (position sinoid). This 
involves a periodic reversal of direction 
of rotation—like twirling a pipe-clean- 
er—with zero speed every half-period. 
In practice, it is a severe test of me- 
chanical and electrical components, for 
it brings out the effects of loose play, 
gear-tooth backlash, starting friction 
(“stiction”), etc. Even when there are 
no mechanical imperfections at all in- 
side the “shaded box”—as we are as- 
suming—this test discloses the fre- 
quency bands in which the SM is stable 
and (in some cases) the frequency 
band in which it will go into wild os- 
cillations. 

(2) A speed-variation command with- 
out reversing the direction of rotation. 
In practice, this has advantages, such 
as obviating the need of distinguishing 
the effects of loose play, “stiction,” 
etc., from the particular effects being 
investigated. Its importance will be ob- 
vious to anyone who has experienced 
the rough behavior of an automobile 
when the driver’s foot “floats” loosely on 
the throttle pedal at low speed: although 
the car keeps going forward, it feels 
as if it moved forward and backward 
violently. This kind of test, on real 
SMs with less-than-perfect components, 
enables experts to design SMs that will 
not “rattle.” This kind of test often 
shows up an unsuspected cause of a 
serious dynamic error oscillation which 
occurs over a wide frequency region 
(sometimes at all frequencies) although 
the guilty component itself may seem 
to have a harmless sharp narrow peak 
at an “unused” frequency when taken 
out of the SM’s closed loop and tested 
for its own resonance. 

Instead of applying a sinoid input 
command, i.e. rotating the input spindle, 
another type of frequency-response 
test consists in “opening the loop” at a 
selected point, (for example the EV 
terminal») and introducing at this point 
an electrical constant-amplitude in- 
creasing-frequency sinoid by means of 
a suitable instrument. Tests of this 
type yield data on the dynamic char- 
acteristics of loop components and 
on the fits, loose play, etc., between com- 
ponents which often cause trouble. As 
with command tests for over-all char- 
acteristics, they are of two kinds: (1) 
in which the input sinoid causes a pe- 
riodic reversal of direction; (2) in 
which the input sinoid causes a pe- 
riodic change of speed. 

Frequency-spectrum response tests 
of SMs and of their components yield 
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Fig. 7-16 


even more valuable information than 
can be obtained from oscillographic 
records of transient response tests. 
Some of this information is obvious 
and easily applicable by the average 
engineer. The most useful items of 
information, however, can only be ex- 
tracted from the raw test data by ex- 
pert use of the latest mathematical 
techniques. (The geniuses who ad- 
vanced SM science so rapidly in recent 
years did so in part by advancing the 
Queen of the Sciences.) Usually, the 
raw data of frequency-response tests 
are two sets of test points easily plotted 
into two families of curves: 

(1) The output-input amplitude ratio 
(or “magnitude” in electrical parlance) 
at various frequencies; 

(2) The phase angle between output 
and input at various frequencies. 

Figs. 7-14 and 7-15 are the amplitude 
and phase-angle characteristics of a 
simple electromechanical SM with vari- 
ous degrees of output damping. They 
are only the beginning: more families 
of curves are obtained from other fre- 
quency-response tests: (a) of the entire 
SM with various adjustments or 
changes other than output damping; 
(b) of components of the SM. The 
results of all these tests consist of 
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more families of frequency-response 
plots—not only like Figs. 7-14 and 
7-15 but in the complex plane and vari- 
ous other diagrams originally invented 
by electrical and radio engineers. From 
these results, advanced mathematical 
methods are used to obtain exact data 
for solving design and application prob- 
lems many of which had stumped all 
experts until 1942-1945. 


THE NYQUIST CRITERION 

One of these new diagrams, which 
enable designers (makers or users) to 
synthesize SMs for specific applica- 
tions by assembling the best-fitted com- 
mercial components, has recently won 
well-deserved fame. In itself it is not 
new, for it was diclosed by Harry Ny- 
quist in January 1932 and by Harold 
S. Black two years later, as articles 
in the Bell Laboratories Record on how 
to stabilize electronic amplifiers. 

These amplifiers use true feedback: 
part of the output power flows back 
to the input. The time which every 
pulse of power takes to cause an effect 
is extremely short, but it is measurable 
and can be treated as an engle in the 
familiar complex plane of a-c. network 
engineering. The phase of the effect, 
and of course its magnitude, determine 
whether it is a good effect or an un- 
desirable one causing instability. In 
most cases, for stability the open-loop 
gain must be less than unity when the 
phase is minus 180 degrees. (This is 
too brief even for an adequate descrip- 
tion.) 

Fig. 7-16 does not “explain” the 
Nyquist plot. It is only a polar plot 
of the sixteen data obtained from the 
eight tests of Fig. 7-13. The angle of 
each vector in Fig. A is the lag taken 
from each curve of Fig. 7-13; its length 
is the amplitude ratio from the same 
curve. The ends of the vectors for all 
frequencies form the locus shown in 
Fig. B. 

In practice the vector lengths are 
products of transfer functions; their 
angles are sums; and the origin is 
shifted—all according to rigid rules. 
These can’t be dea!t with in this discus- 
sion, which could only be the brief 
“painless glimpse” promised in the title. 
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CHAPTER XV 
CONTROL VALVES AND THEIR APPLICATIONS 
By LYMAN H. ALLEN, JR. 


GENERAL 


control valve is a variable restric- 
A tion in a flow system. It consists 
of a valve body containing an orifice in 
which a plug, damper, or louver is 
positioned to vary the opening avail- 
able for flow. The rate of flow and the 
pressure drop in the line depend on the 
position of the plug, or inner valve, 


(28) 





in the orifice. The plug is positioned 
in the orifice by a power unit, or motor. 
Thus the three basic parts of a typical 
control valve are the body, the inner 
valve, and the motor. 

The motor usually is driven by some 
controlling device, or controller. The 
motor can be an electric solenoid, an 
electric motor, a pneumatic or hydraulic 
diaphragm, or a pneumatic or hydrau- 
lic cylinder. The choice of motor de- 
pends on the application. 

The inner valve is positioned by the 
motor in response to demands from 
the controller. However, three factors 
prevent the valve from operating per- 











fectly—that is, from having the plug 
follow the demands of the controller 
exactly. These three factors are (1) 
hysteresis and lag in the motor, (2) 
friction, and (3) static and dynamic 
unbalance across the valve. Motor lag 
and hysteresis in an air-operated dia- 
phragm-motor control valve are caused 
by the resistance of the diaphragm 
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Fig. 1. Air-operated diaphragm-motor control 


valve. 


material, or by inertia of the spring. 
Friction can occur in the valve and 
motor-stem guides, or in the packing 
box. 

The three factors that prevent the 
valve from operating perfectly can 
cause hunting, or cycling, of the process 
being controlled by the valve. How- 
ever, the most serious difficulties in 
control-valve applications usually are 
due to improper application—that is, 
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Fig. 3. Angle body. 
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Fig. 4. Three-way body. 


the use of an improper valve for the 
job at hand. 

Fig. 1 shows a crossection of an air- 
operated diaphragm-motor control 
valve, which is the most common type 
of control valve. 


VALVE Bopy 


Body forms.—The valve body con- 
sists of the outside housing, a valve 








seat or port, and the stuffing box. It 
contains the valve plug, or inner valve, 
which moves over the valve seat or 
port. Typical body forms are shown 
in Figs. 2, 3, 4, 5, 6, and 7. Fig. 2 
shows a two-way body, which is com- 
monly used with manual control. It 
is sometimes called a globe-style body 
with single-bonnet mouth, or a screw- 
down valve. Fig. 3 shows an angle 
body. Fig. 4 shows a three-way body, 
which is used for mixing or diverting 
service in on-off or throttling control. 
The body and inner valve shown in 
Fig. 4 is also called an unbalanced 
single-seat disk-type valve. Fig. 5 shows 


Fig. 6. Streamlined valve. 
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the Saunders-patent-style body with in- 
ternal diaphragm, which is used for 
on-off or limited throttling control of 
chemicals or fluids carrying solids. 
Fig. 6 shows a streamlined split-body 
“S” valve, which is used mostly for 
on-off or throttling control where ve- 
locities are high or where the fluids 
carry abrasive solids. The streamlined 
body is also called a venturi-throat 
style body. Fig. 7 shows the butterfly, 
damper, or louver body style, full-body 
type. This type valve is used mostly 
for throttling control where the pres- 
sure drop must be kept low, or where 
the fluid carries solids. 

End connections and body ratings. 
—All body types are generally avail- 
able with all sizes of screwed ends up 
to 2 in., and with flanged ends of 0.75 
in. and larger. 

The nominal body ratings are shown 
in the following table: 


Body Material 1.8.4 


10 


‘} 











Cast iron 


125 and 250 
Steel and alloy 150, 300, 600, 

and 1,500 
Bronze 150 and 300 


dimensions.—F ace-to- 
of valves manufac- 
tured before late 1950 conform to the 
standards of the individual manufac- 
turer, or to A.S.A. Standard B16.10- 
1933, titled “Face-to-Face Dimensions 
of Ferrous Flanged and Welded End 
Valves.” However, due to the Instru- 
ment Society of America, some control- 
valve manufacturers have, at great ex- 
pense, agreed on universal standards 
for face-to-face dimensions of globe 
valves. These dimensions are available 
from manufacturers’/catalogs. 


Face-to-face 
face dimensions 


MATERIALS 


Body Materials.—Control-valve 
bodies are available in all cast metals 
and, in the smaller sizes, from bar 
stock (through 1 in.) and from forged 
billets (through 3 in.). Control-valve 
bodies of nickel, monel, Hastelloy A, 
B, or C, Durimit 20, and type-316 and 
-304 stainless steels are generally avail- 
able. Blind flanges, valve bonnets, and 
cooling-fin sections are also made of 
these materials. Body bolts or studs 
arg usually of a high-tensile chrome- 
molybdenum steel such as A.S.T.M. 
A193-48T grade B7, using high-tensile 
heat-treated nuts, A.S.T.M. A294-48 
class 2H or 2HB. Bolts and studs of 
special alloys are also available. 

Trim Materials.—The choice of ma- 
terial for the valve-trim or inner-valve 
parts is determined by the erosion and 
corrosion conditions in the valve. These 
conditions depend on the fluid being 
handled and the pressure and tempera- 
ture. Stainless-steel type 316 is con- 
sidered a standard trim material by 
most valve manufacturers and is rec- 
ommended for fluid temperatures up 


to 750 F. and for pressure drops to 
150 psi. This material is resistant also 
to the corrosive action of a wide range 
of industrial chemicals. 

Stellite 


is often welded onto wear- 





ing surfaces of inner-valve parts to 
give increased resistance to erosion, 
galling, and wear resulting from ex- 
treme pressure-drop and temperature 
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Fig. 7. Butterfly valve. 

conditions. Special corrosion conditions 
may be met by using alloys such as 
nickel, monel, and Hastelloy for valve 





trim. In situations where widely fluc- 
Rating Maximum Temperature 
unds) degrees Fy) 
412 
900, 750 (for steel 


tuating temperatures cause threaded 
guide-bushings and seat-rings to loosen 
in the valve body, these parts may be 
welded in. Where separate seat-rings 
are not desired, stellite may be applied 
directly to the seating surfaces integral 
with the valve body. 

Valve-trim vs. valve-body materials. 

-In order to keep cost to a minimum, 
valve-trim materials which differ widely 
from body materials are sometimes 
used. This practice prolongs the life 
of the accurately machined valve-trim 
parts, where close tolerances are essen- 
tial. However, the trim materials must 
be compatible with the body materials. 
If they are not, galvanie corrosion of 
either the body or the trim results. 

The galvanic series of the common 
metals and their alloys, which are lo- 
cated in Physical-Data Handbooks, is 
the guide in selecting trim materials 
which are compatible with body mate- 
rials. When two metals from this list 
are used together under corrosive con- 
ditions, corrosion of the metal listed 
nearest the top of the list results, and 
the degree of corrosion depends directly 
on the distance between the two metals 
as they appear in the list. 


INNER VALVES 


The most widely used body design is 
the giobe valve, which is available in 
either single- or double-seated design. 
In the double-seated type, the inlet 
pressure comes in between the two 
seats and, as the upper seat is only 
about % in. larger in diameter than 
the lower seat, the valve is almost fully 
balanced. When the valve is balanced, 
variations in inlet pressure do not 
affect or change the inner-valve posi- 
tion. However, the double-seated valve 
should not be used where tight shut- 
off is desired because temperature vari- 
ations create unequal expansion be- 
tween the inner-valve parts and the 








body, thus making it impossible for both 
upper and lower parts to be closed at 
the same time. Leakage flow in the 
closed position normally does not ex- 
ceed 2 percent of the maximum flow 
capacity. 

If tight shut-off is required, the sin- 
gle-seated valve must be used. However, 
the effect of static unbalance must be 
taken into consideration when selecting 
the valve operator. Usually the single- 
seated valve may be used under normal 
operating conditions in’ sizes up to 2 
in. If larger sizes are used against 
high pressure drops, and if the valve 
operator has insufficient power, the 
valve must be internal pilot operated 
through the use of a balancing piston. 

Inner valves can be classified accord- 
ing to the type of control action—that 
is, either air to open or air to close. 
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Fig. 8. Flow characteristics. 


Inner valves may be classified also 
according to the type of guiding used 

that is, as skirt or wing guided, or 
as top and bottom guided. The skirt- 
or wing-guided type is the most eco- 
nomical and is usually satisfactory for 
pressure drops up to about 100 pounds. 
For higher pressure drops the _ top- 
and-bottom guided inner valve is su- 
perior because the close clearances re- 
quired to prevent vibration of the inner 
valve can be maintained in the top 
and-bottom guided valve. 

Flow characteristics. —The shape or 
contour of the inner valve determines 
the flow characteristics of the control 
valve. Until recently the most widely 
used type of inner valve was one with a 
logarithmic-characteristic. This char- 
acteristic results from a valve in which 
equal increments of stem motion pro- 
duce equal percentage changes in flow. 
In recent years, however, design engi- 
neers have shown that a linear charac- 
teristic—that is, one with a linear rela- 
tion between valve lift and flow rate 
is superior in many applications. The 
inner-valve characteristic is now an 
important factor in the analysis and 
design of automatic-control systems. 

Various papers by J. G. Ziegler and 
N. B. Nichols, S. D. Ross, and J. A. 
Pellettere have shown that an inner 
valve with a linear characteristic should 
be used when (1) the fluid flowing 
through the valve carries solid parti- 
cles or deposits scale, (2) the major 
undesired change-in the process does 
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not alter the flow rate through the 
valve at a given valve opening, and 
the automatic-controller scale is linear, 
(3) the ratio of maximum to minimum 
load is greater than eight to one, (4) 
the valve lag causes most of the effec- 
tive process lag, or (5) the controller 
is a linear-scale controller. 
















an equal-percentage valve. Curve C 
is the sum of curves A and B (to a 
different scale, of course). As the sum 
of the two response curves is a line 
at an angle of approximately 45 de- 
grees, the equal-percentage valve is the 
best type of valve for the application. 

Fig. 9 shows a few of the many types 
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Fig. 9. Inner-valve types and flow characteristics. 








purpose of the grease is to form the 
seal. In forming the seal, the grease 
produces additional friction on the mov- 
ing stem. The fluid pressure compresses 
the formed packing, which increases 
the stem friction further. The stem 
friction is proportional to the fluid pres- 
sure. When the pressure is thousands 
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An equal-percentage, or logarithmic- 
characteristic, inner valve should be 
used when (1) the major undesired 
load change in the process alters the 
flow rate through the control valve at 
a given opening (except when fluid 
flow is controlled by a linear-scale con- 











Fig. 10. Formed-ring packing bex. 


troller), or (2) most of the pressure 
drop at maximum flow in the system 
undef control is absorbed by the system 
itself. 

The control-valve characteristic 
not important when (1) the propor- 
tional band setting of the controller is 
narrow, as for temperature control of 
large liquid volumes, and for control 
of many level and pressure applica- 
tions, (2) the process has short lags, 
as for most pressure, flow, and level 
applications, and for temperature ap- 
plications where two streams at dif- 
ferent temperatures are mixed. 

The ideal inner-valve characteristic 
for any process-control application is 
that characteristic which, when added 
to the response-characteristic of the 
controller, gives a straight line with a 
slope of 45 degrees. For example, con- 
sider the flow-control problem shown 
in Fig. 8. Curve A in Fig. 8 is the 
square-root response of the controller 
pen to changes in flow rate across a 
control valve of fixed opening when the 
pressure drop across the valve is varied 
from maximum to minimum. Curve 
B is the logarithmic characteristic of 
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of inner valves that are available. 
Curve A is the response characteristic 
of equal-percentage valves. It is linear 
in Fig. 9 because it is plotted-on semi- 
log paper. Curve B, which is the re- 
sponse characteristic of a linear-charac- 
teristic valve, becomes curved when 
plotted on semilog paper. The charac- 
terized V-port, the characterized-para- 
bolic, and the single-seated inner valves 
are shaped to produce the logarithmic 





of pounds per square inch, the friction 
makes it very difficult to move the stem. 

Valve manufacturers usually recom- 
mend the proper type of packing and 
lubricant. The formed rings are made 
of long-fibre asbestos with graphite 
impregnation and a binder. The grease 
is a soap grease compounded for the 
service. Wide use is made of Silicone 
grease, which is stable, inert (with few 
exveptions), and long lasting. 



































inner 


The 
valve produces a linear characteristic. 


characteristic. parabolic 


PACKING Box 

The valve packing box, which is also 
called the stuffing box or gland seal, 
is the source of most difficulties in vaive 
operation and maintenance. The pur- 
pose of the packing box is to seal the 
fluid in the valve and also to allow the 
stem to move through the required 
distance with the least possible friction. 

There are three principle types of 
packing boxes—formed packing ring, 
bellows sealed, and pressure-type. 

The formed packing ring packing 
box, which is shown in Fig. 10, is simi- 
lar to the hand-valve packing box. Pre- 
formed rings or braided-rope packing is 
used together with a grease lubricant. 
The name lubricant is misleading. The 
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Fig. 11. Bellows-sealed packing box (left). 
2. Dahl pressure-type seal (above). 


The bellows-sealed packing box, which 
is shown in Fig. 11, uses a stainless- 
steel bellows instead of packing to seal 
the fluid in the valve. The bellows- 
sealed unit consists of a special valve 
bonnet containing a thin-wall stainless- 
steel bellows, the upper end of which 
is welded to the seal-extension stem. 
The lower end of the bellows is welded 
to a stainless-steel ring, which 
clamped between the body flange and 
bonnet when the bellows-seal unit is 
assembled on the valve. Damage to 
the bellows from torsional twisting is 
prevented by guiding of the stem exten- 
sion. A conventional packing gland 
above the seal provides emergency pro- 
tection against rupture of the bellows. 
Travel stops are generally provided. 
Stuffing-box friction is reduced by the 
use of the bellows-sealed stuffing box, 
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but increased power in the valve op- 
erator is required to overcome the in- 
crease in unbalance caused by the cross- 
sectional area of the bellows. The bel- 
lows-seal unit is available for pressures 
up to 500 psig. at 750 F. 

Pressure-type seals are made in dif- 
ferent ways by different manufacturers. 
Usually they are made of Teflon, Kel- 
f, or other low surface-friction plastic. 
The Dahl-Patent pressure-type seal, 
which is shown in Fig. 12, uses a spe- 
cially shaped Teflon member, or gland 
seal, which provides a frictionless leak- 
proof seal on the stem of the control 
valve. In Fig. 12, component A is a 
superfinished stem, component B is a 
gland follower, component C is the 
Dahl seat, component D is a gland, 
and component E is a lower gland. 

An advantage of a pressure-type seal 
is that it requires no periodic adjust- 
ment or lubrication. Pressure-type seals 
have been field tested to 8500 psig. for 
more than two years of continuous 
service without failure. Satisfactory 
tests at 22,000 psig. have been made for 
short periods. 


RADIATION BONNET 


A conventional type of radiation 
bonnet is shown in Fig. 13. The bon- 
net radiates heat to the atmosphere 
and thus keeps the packing gland and 
packing material at a safe operating 
temperature. Radiation bonnets are 
used usually where the fluid tempera- 
ture exceeds 450 F. They are used also 
at temperatures below 32 F. to keep the 
gland from becoming too cold. 


VALVE Motor 


The valve motor, or valve operator, 
positions the inner valve in the valve 
body. The motor can be electric, hy- 
draulic, or pneumatic, depending on 
the application. The most common type 
of motor used with automatic throt- 
tling control valves is the pneumatically 
operated diaphragm motor. Its ad- 
vantages are simplicity and low in- 
stallation and operating costs. 

The most common type of diaphragm 
motor is the air-loaded spring-return 
type, such as in Fig. 1. An increase 
in air pressure moves the operator 
stem and compresses the spring. When 
the stem is at rest the forces exerted 
are in equilibrium—that is, the force 
of the air-loading pressure on the dia- 
phragm area is equal and opposite to 
the compression of the spring and the 
inevitable static friction. When the 
air-loading pressure is reduced, the 
spring moves the stem to a new equi- 
librium position. 

The amount of force required to 
move the stem a small distance is very 
small. Consider a valve with a stem 
travel of 1 inch, a diaphragm with an 
effective area of 100 square inches, 
and a loading-pressure range of 3 to 
15 psig. At the maximum loading of 
15 psig. the force exerted on the dia- 
phragm is 15100, or 1500, pounds. 
At the minimum loading of 3 psig. the 
force is 3100, or 300, pounds. Thus 
the spring rate required is 1500 minus 





300, or 1200, pounds per inch; and a 
change of 1.2 pounds of force causes 
a motion of 0.001 inch (neglecting static 
friction forces). Note that a force of 
1.2 pounds is produced by a change in 
air-loading pressure of only 0.012 psig., 
or 0.33 inch water. If a diaphragm 
with an average effective area of 200 
square inches were used for 1l-inch stem 
travel, the spring rate would be 12x 








200, or 2400, pounds per inch. An in- 
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Fig. 13. Radiation bonnet. 


crement of motion of 0.001 inch would 
then require 2.4 pounds of force, which 
is produced by a pressure change of 
2.4/200, or 0.012 psig. Note that a 
change in pressure of 0.012 psig. pro- 
duces a motion of 0.001 inch both for 
the diaphragm with the effective area 
of 100 square inches and for the dia- 
phragm with the area of 200 square 
inches. 

The motion of the valve stem is not 
linear for uniform changes in air load- 
ing. This nonlinearity is produced by 
(1) the rubber in the diaphragm, (2) 
the variation in spring rate, (3) the 
number of moving pieces, and (4) the 
variation in packing-box friction. The 
rubber not only deflects with air-loading 
pressure but also stretches.. The spring 
rate varies with deflection because the 
geometrical shape of the spring changes. 
For example, as the spring is com- 
pressed the mean diameter of the spring 







increases, and the deflection of the 
spring varies as the cube of the mean 
diameter. The number of pieces which 
move in contact with each other in- 
crease the differential gap, or neutral 
zone, commonly called “flat spot.” 
Packing-box friction is a function of 
(1) the flui¢ pressure in the valve, 
(2) the amount of compression on the 
packing, and (3) the type of packing. 
This static friction can be from 5 to 
more than 100 pounds. When static 
friction is 100 pounds, it takes a change 
in air loading of 1 psig. on a diaphragm 
with an area of 100 square inches to 
overcome the friction. 

Sliding friction is always less than 
static friction. In operation, the fluid 
pressure in the valve usually is un- 
steady. For example, the pressure vari- 
ations may come from the discharge of 
a centrifugal pump. The pressure pul- 
sations set up vibrations which con- 
tinually cause small motions of the 
stem. These vibrations are helpful in 
preventing the valve from sticking in 
one position because of static friction. 

Hysteresis.—One of the effects of 
friction and nonlinear diaphragm char- 
acteristic is hysteresis of the motor 
valve. If the valve lift is plotted against 
diaphragm pressure as the pressure 
first is increased and then decreased, 
it is found that the two curves thus 
obtained do not coincide, as shown in 
Fig. 14. Note that the valve can be 
in two positions at any one pressure. 
This effect is called hysteresis. The 
difference in the two positions that 
the valve can assume at one pressure 
usually is between 0 and 2 percent of 
the total travel, with no compression 
on the packing. With compression on 
the packing and fluid pressure in the 
valve, the hysteresis can be as high as 
10 percent of the total travel. In con- 
trol applications with low sensitivity 
and high proportional band, the hys- 
teresis produces an insensitive zone, 
or “dead spot’’, on the controller range. 
For example, on a temperature con- 
troller with a range of 0 to 100 degrees 
F. and 100 percent proportional band, 
a hysteresis of 10 percent causes a 
dead zone of 10 degrees F. in control. 
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Fig. 14. Valve characteristic showing hysteresis, 











VALVE POSITIONER 

A valve positioner is a relay-type 
mechanism that applies power to the 
valve in response to signals from the 
controller. The command signals from 
the controller are usually below 20 
psig. The valve positioner converts 
these commands into signals of any 
magnitude, depending only on the pres- 
sure of the auxiliary compressed-air 
supply. The valve positioner is essen- 
tially a small automatic controller that 
serves as a power amplifier. 

Typical valve positioners are shown 
in Figs. 5-23 and 5-24, Chapter I. The 
commands from the controller cause a 
bellows to expand and contract, which 
causes a pilot valve to move in the 
line between the auxiliary high-pressure 
air supply and the valve. As the pilot 
valve moves, more or less of the high- 
pressure air is applied to the control 
valve. As the valve positioner can 
apply any air pressure to the control 
valve, up to the limit of the supply 
pressure, the positioner can overcome 
friction and reduce the. dead zone. 

Valve positioners are recommended 
for the following applications: 

1. Control] applications in which com- 
plicated process lags make wide propor- 
tional bands necessary. 

2. High-pressure service in which 
tight valve-stem packing is necessary. 

3. Control valves handling fluids 
which are highly viscous, which gum 
the valve, or which have solids in sus- 
pension. 

4. Control valves with high pressure 
drops across the valve. 

5. Sequential operation of two or 
more valves from a single controller 
where each valve has full travel for a 
portion of the 3-to-15 psig. output of 
the controller. 

VALVE SIZING 

The selection of proper valve size is 
as important as the design and me- 
chanical features of the valve for sat- 
isfactory control and adequate valve 
life. 

Only rarely is pipe line size used to 
determine valve size. The line size 
in a particular piping system is gener- 
ally selected to give a fluid velocity in 
accordance with good engineering prac- 
tice, whereas the valve size is based on 
the quantity of fluid flowing and the 
pressure-drop conditions which must 
be met. 

Too large a valve causes rapid wear 
to inner-valve parts because the valve 
plug necessarily operates close to its 
seat, thus causing wire drawing or 
concentrated erosion. Control is also 
unsatisfactory because only a_ small 
portion of the total valve stroke is re- 
quired to handle the flow range from 
minimum to maximum demand, and 
extremely accurate valve positioning is 
required. Furthermore, as_ relatively 
small changes in valve position pro- 
duce large changes in flow, the control 
instrument must have wide sensitivity 
or proportional band setting. This mag- 
nifies frictional effects. 

As the control valve is an orifice, 
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the laws of fluid mechanics can be ap- 
plied. From Bernoulli’s equation the 
basic equation for flow is: 

v = y2gh, 
where 

v = velocity of flow in ft. per. sec. 

g=acceleration due to gravity 32.2 
ft. per sec.? 

h = pressure head in feet of liquid 
flowing. 

Multiply both sides of the equa- 
tion by the crossectional area of the 
orifice opening and insert the con- 
stant c in the right-hand side to repre- 
sent the orifice discharge coefficient. 

vA =Q 
where 

Q = flow in cubic ft. per sec. 

A =area of orifice in square feet. 





cAy\2gh 


Then, by converting h into p and by 
taking the specific gravity (G) into 
consideration, the equation for liquid 
flow becomes 

(1) Q, 
where 

Q,, = Gallons of liquid per minute 

P; Upstream pressure in pounds 
per sq. in. 

p, = Downstream pressure in pounds 
per sq. in. 

G Specific gravity of fluid 
(water = 1) 

C, = Valve discharge coefficient 
based on nominal valve size. 

In a similar way the following equa- 
tion for steam flow is 


Cyy (py p.) /G 


(2) Q, = 63.4C,V (p,~p.)/V 
where 

Q. = Pounds steam per hour 

V = Specific volume of entering 
steam 


C,, Py» Py are as in liquid-flow equa- 
tion (1). 

Similarly, the equation for gas flow is 
/ (P,~P,) P 
(3) Q, = 1364C,/ - sin 
V¥ (460+F)G 
where 

Q,, = Cubie feet of gas per hour at 
60 F. and 14.7 psig. 

P = Outlet pressure in pounds per 
sq. in. absolute, 

G = Specific gravity of gas (air = 1) 

F — Gas temperature 

C,, Py» Py as in liquid-flow equations. 

Note: (p,—P.) for gas or steam 
should not be greater than P/2. 

Representative C, values can be ob- 
tained from manufacturers’ catalogs. 
By use of the appropriate flow formula 
and C, value, control-valve capacity 
can be determined if the vaive size and 
all flowing conditions are known. 

If the flow rate and flowing condi- 
tions are known, the basic flow formu- 
lae may be revised into the following 
forms for calculation of C, and valve 
size. 

(4) C, Q,VG/ (py~P») 

6) C= 0.0159Q.\ Vi (P,—P2) 

(steam) 
(460+ F)G 

(6) C, = 0.000735Q, /———— 

V (p,—Ps)P 
(gas) 


(liquid) 





The flowing quantity should be multi- 
plied by correction factors for various 
plug characteristics to calculate the 
correct C, value. 

The relationship between percent of 
maximum valve lift and percent of 
maximum flow for linear and equal- 
percentage valve plugs is shown in 
Fig. 9. The use of this data permits 
selection of a valve size capable of 
passing a maximum flow at a certain 
percent of maximum lift of the valve 
plug as follows: 

a. At the desired percent of maxi- 
mum lift determine the percent of 
maximum flow obtained for the par- 
ticular valve plug used. 

b. Divide the desired flow by percent 
of maximum flow from (a) to obtain 
maximum flow. 

c. From maximum flow (b) calculate 
C, and the required valve size. 

In gas-flow equations 3 and 6, most 
manufacturers recommend that the 
pressure drop, p,—Pp», be maltiplied by 
the downstream pressure. This gives 
conservative results and a_ safety 
factor. However, use of upstream 
pressure is recommended by a few 
valve manufacturers. Use of upstream 
pressure gives higher values for flow 
capacities and C,. The derivation of 
the flow equations for a compressible 
ideal fluid flowing through an orifice 
is based on the change in enthalpy 
with no change in entropy, which is a 
function of differential pressure times 
the upstream pressure. This is why 
the upstream pressure is used by some 
manufacturers. 

For fluid flow where flashing of the 
flowing fluid occurs in the valve body, 
proper valve size can be calculated 
as follows: 

a. Calculate the percent of liquid 
by weight which vaporizes: 

S(T,—T.) 

X=, 

H 

where 

S = Specific heat of liquid 

T, = Upstream temperature 

T. = Downstream temperature 

H = Latent heat of vapor at T,. 

b. Calculate quantity of liquid and 
vapor at downstream conditions. 

ce. Calculate C, for quantity of down- 
stream liquid. 

d. Calculate C, for quantity of down- 
stream vapor. 

e. Add values of C, from (c) and (d) 

f. Calculate valve size from total of 
C,’s calculated by (e). 

Some manufacturers produce slide 
rules which have the C,’s for many 
types of valves. These values of C, 
usually are adequate for calculating 
valve size for particular process ap- 
plications. 

It is generally not necessary to con- 
sider the effect of viscosity when siz- 
ing a control valve unless the viscosity 
of the flowing liquid is considerably 
greater than that of water. In cases 
where a highly viscous solution is to 
be handled, the C, value calculated by 
equations 4, 5 or 6 should be corrected 
as follows: 
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a. Determine the uncorrected C, 
through the use of equation 4, 5, or 6. 

b. Calculate the viscosity index by 
the following equation: 

viscosity index =94.8Q, /VC, x Stokes, 
where 

Q,;, = Gallons flow per minute 

C, = Uncorrected C, 

Stokes = Viscosity in poises times 
specific gravity of fluid 

c. Using the viscosity index calcu- 
lated in b, determine the correction 
factor K for valve-flow coefficient from 
Fig. 15. 

d. Multiply the uncorrected C, by 
correction factor K. 


LINE SIZE 


In the application of control valves, 
it is generally desirable to use a pipe 
line size as large as practical in order 
to minimize line friction and to make 
use of the complete rangeability of the 
valve. It should be borne in mind that 
all inner-valve characteristic curves 
are plotted on the assumption that the 
pressure drop across the valve is a 
constant. In actual use this is not true. 
As flow increases, line loss generally 
increases as the second power of the 
velocity. Therefore, whereas at low 
flow rates nearly the total pressure 
drop in the system occurs across the 
control valve, at maximum flow this 
drop is reduced by a line drop which 
often is a considerable fraction of the 
total system drop. Therefore, it is 
obvious that if wide rangeability in a 
control system is desired, pressure drop 
due to pipe-line friction should be kept 
to a minimum. Liquid flow lines should 
be sized for a velocity not exceeding 
10 feet per second. 

Another method of sizing a pipe line 
is to (1) assume that an orifice having 
a d/D ratio of 0.60 and a drop of 100 
inches of water is installed in the line, 
and (2) then calculate the line size 
necessary. A third method is to assume 
a drop of 5 to 6 pounds per square 


inch through a valve at the desired 
flow rate and calculate the valve size 
required, which can be then used for 
the line size. As a generalization, the 
pressure drop across a control valve 
should always be 40 percent or more of 
the total drop in the fluid system under 
control. An excellent paper by Otto 


on 
10000 
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Fig. 15. Correction factor vs. viscosity. 


Kneisel titled “Liquid Flow Character- 
istics of a Pipe Line and a Control 
Valve” discusses this subject. 


INSTALLATION 


Diaphragm control valves are usu- 
ally installed in a vertical position, but 
they may be installed in any other po- 
sition as long as correct direction of 
flow is maintained. 

Valve flanges generally are marked 
“IN” or “OUT”, or a direction-of-flow 
arrow is cast on each valve body. For 
single-seat valves it is essential that 
the flow be in a direction that tends 
to lift the plug off its seat. 

The diaphragm air connection is 
usually tapped with a %-inch national 
pipe thread. 

Before placing a valve in service, 
check it for full travel to make sure 
that no dirt or other debris has gotten 
into the valve during installation. 

The valve is shipped without lubri- 
cation; before placing the valve in 
service, lubricate it in accordance with 
the manufacturer’s instructions. Stem 


packing life is directly dependent on 
lubrication. Lubricant should be added 
often enough to keep line fluid, under 
pressure, from cutting through the 
stem packing. The frequency of lubri- 
cation depends on the service and use 
of the valve; experience is the best 
guide for routine lubrication. 

When adding lubricant to valves 
equipped with isolating valves, open 
the isolating valves before turning in 
the lubricator plunger; close the isolat- 
ing valve after enough lubricant has 
been fed to the packing gland. Never 
remove the plunger to insert a new 
cartridge without first closing the iso- 
lating valve. 


TROUBLE SHOOTING 


The most common trouble in valve 
operation is in the packing-gland lub- 
rication and adjustment. The valve 
stem must be kept clean and free of 
corrosion. The gland-follower flange 
must be pulled up square and even to 
prevent, cocking of the gland follower. 
Leakage around the stem is generally 
a sign of insufficient lubrication. Keep 
the lubricator clean and free of corro- 
sion. The following steps are recom- 
mended for checking a control valve: 

1. Check valve action for smooth 
motion. Too tight an adjustment of the 
packing causes sticking. 

2. Check valve for full stroke for the 
spring pressure range given on name- 
plate. Check valve positioner; if used, 
for proper stroke setting. 

3. In a single-seat valve, check di- 
rection of fluid flow. A shift in spring 
range is normal with change in body 
pressure, 

4. If valve does not shut off reason- 
ably tight after a period of operation, 
the plug and seat may be worn and 
should be replaced. Check impulse lines 
from controller for leaks or restrictions 
in tubing (pneumatic or hydraulic), 
or for improper or loose electrical con- 
nections. 

















PRESSURE, TEMPERATURE 
AND LIQUID LEVEL CONTROLLERS 


Leslie Controllers consist of a single or double seated 
diaphragm control valve operated by a Control Pilot. The 
latter is an air, water or oil actuated device that produces 
a variable loading pressure to the valve diaphragm in 
response to a pressure, temperature or level change in the 
controlled medium. Controllers are used for any one or any 
combination of the following conditions: 

% When an exactly controlled level, pressure or tempera- 

ture is required. 
% When power is needed to assure automatic valve open- 







LESLIE 
CONTROL PILOTS 






Simple mechanical device employ- 
ing constant supply of clean air, gas, 
water or light oil at 20-22 psi to 
produce a variable output or load- 
ing pressure of 0-20 psi in response 
to a level, pressure or temperature 
change applied to operate a control 
valve or power cylinder controlling 
fluid flow. 



























SEND FOR BULLETIN 5302 


LESLIE 
DIAPHRAGM CONTROL VALVES 
(Double Seated) 


Flow-iine contoured body for high 
capacity, low pressure drop. Stand- 
ard ISA face to face dimension in 
cast iron, cast bronze and cast alloy 
steels Renewable, self-aligning 
guides. 44-10”. To primary service 
rating of 600 psi—050° F. flanged, 
ring joint and welding ends. 


BEND FOR BULLETIN 5305 


LESLIE 


Diaphr: Control Valve 
Double Seated Class DV 





Laestia co., 253 GRANT AVENUE 
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ing after prolonged, tight shut-off. 


%& When power is needed to operate single-seated valves 
under high pressure drop. 


% When the available fluid pressure differential doesn’t 
supply enough power for self-operation. 

% When extreme pressure reductions are necessary (i.e. 
600 reduced to 10 psi, 900 to 2 psi, 2150 to 5 psi); all 
can be handled in one step. 

% When fluid contamination requires the simplest type 
regulating valve for dependable operation. 


% When operation from either a nearby or remote control 
station is desired. 


LESLIE 
FLOATLESS LEVEL CONTROL 


Provides accurate control of liquid 
level (plus or minus 1” water 
column). Eliminates problems 
caused by troublesome linkages, 
torque tubes, floats and stuffing 
boxes. Simple design provides 
steady, positive, precise control 
even under difficult conditions. Cone 
sists of Level Control Pilot and 
diaphragm control valve. 








SEND FOR BULLETINS 


Floatless Lowe Control 5303, 5304, 5305 


Type UA-1 


oP Like 


DIAPHRAGM CONTROL VALVES | 
(Single Seated) E 


Control flow of steam, liquid, air or 7 


gas. Tight shut-off. Operated auto- 
matically by air, water or oil pres- 


sure supplied from a Control Pilot 7 


or from a loading device such as 
LESLIE Air Loading panel. Avail- 


§ able in unbalanced or fully balanced - 


types, 4-10” in cast bronze, cast 
iron and cast alloy steels. Primary ; 
service ratings to 2500 psi, 1000° F 





SEND FOR BULLETIN 5304 
Diaphragm Control Valve 
Single Seated Class DL -1 


CONTROLLERS 


“STILL FAR AHEAD IN QUALITY AND PERFORMANCE” 


LYNDHURST, NEW JERSEY 











OSITRO 


FOR ACCURATE 
POSITIVE VALVE 


POSITIONING 
TENS OF THOUSANDS IN USE 


nays 


FEATURES 


@ AVAILABLE WITH OR WITH- 
OUT BY-PASS 

@ USABLE AS REMOTE POSI- 
TION INDICATOR 

@ FOR DIRECT OR REVERSE 
ACTION VALVES 


@ COMPACT — SIMPLE 
RUGGED 

@ 5 YEARS FIELD SERVICE 

@ EASILY ADJUSTABLE 

@ FORCE BALANCE TYPE OF 
POSITIONER 


TECHNICAL DATA 


FISHER 


Test _TYPE_3500 


INSTRUMENT PRESSURE SENSITIVITY 
CONTROLLING: PRESSURE CHANGE NEEDED TO 
PRODUCE 2 LBS. TO 15 LBS. TO DIAPHRAGM 


007 1B 


STEM MOVEMENT SENSITIVITY 
AMOUNT STEM CHANGE TO 
PRODUCE 2 LBS. TO 15 LBS 
TO DIAPHRAGM : 


00037" AVE 


TRAVEL 


TRAVEL 0015 AVE 
TRAVEL 
y¥,"? ~ 
ls 
2 
2. 


12 1.2 SEC 
42 TO 4.8 SEC 

72 SPC TO 96 SEC 
105 TO 126 SEC 


SPEED 
TIME IN SECONDS 
FOR FULL TRAVEL 





A TRAVEL 


TRAVEL 


a WY) 
* ERROR IN POSITION! AT 
9 LBS. CONTROLLER PRESSURE 


EFFECT OF VARIATIONS 
IN 
AIR SUPPLY PRESSURE 
CHARACTERISTICS 
CONTROLLED P VS DIAPHRAGM P 


00006’ AVE 
0 00) va ie 


= 


lu 
} 0.1 LB 
1 0.7 1B 


PER 5 LB CHANGE || 
PER 5 LB. CHANGE 
r3 an 


TRAVEL 
TRAVEL 





LINEAR 


STABLE 
ADJUSTMENTS 
ALL EASY AND SIMPLE | 


COMMENTS 


WNT Medel Tit) ile) mle) 
9 LBS. DIAPHRAGM PRESSURE 











15.0 CU FT/HR 


— 





FOR COMPLETE DETAILS WRITE FOR BULLETIN E-3500 


LEADS THE INDUSTRY IN’ RESEARCH FOR BETTER 
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PRESSURE 


aaa 











ving 


FISHER 


GOVERNOR COMPANY 
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CONTROL 


sis il 








positive 






powerful 









for any 
control action 





Complete line for all industrial 
applications for dependable 
automatic operation of Valves, 
Dampers and Burners. 


High-speed Motorized Valves 
avoid devastating line hammer. 


BULLETIN No. G-11 


Rugged 2-position operators, 
15 and 30 sec. speeds. 


BULLETIN No. G.22 


“ 6p : “e 
Proportioning or multi-position 
operators, high torque, 
non-coasting. 


BULLETIN No. 423 


Multi-position heavy-duty 


en PON oO orn No. 488 


VA LVES For any or all of the above 
bulletins, write to Automatic 

Temperature Control Co., Ine., 

9240 Pulaski Ave., Phila. 44, Pa. 


For mor nformat rcle 135 juiry cara 





SECURITY VALVE CORP. 


541 W. Garfieid Avenue 
Glendale 4, California 














@ Thermostats 
@ Excess Flow Valves 
@ Steam Pressure Controls 

@ Time Cycle Controlled Motor Valves 


@ Automatic Shut-off Valves 
for gas, oil and chemical service 


MODEL “IDPS-H"' 
(closes on Increase OR 
Decrease in Pressure 
Static line control, Hiat 
pressure application). 
Described in detail 
Bulletin 227-C 





PR 
Perm] 


Write for New Comprehensive Bulletins 








MAGNETROLS 
LIQUID LEVEL CONTROLS 


for practically 


ANY LIQUID 


at any TEMPERATURE 
at any PRESSURE 


* 
The SAFEST Controls 


ever offered 


Dependable * Trouble-Free 


Only permanent, unfailing magnetic force is used to transmit 
level travel to switching mechanism. Exclusive operating prin- 
ciple eliminates ALL mechanical and electrical linkages. No 
wearing or flexing members. 
A Unit for every purpose 

* BOILER WATER LEVEL CONTROLS 

* TANK FLOAT SWITCHES + FLOW ALARMS 

¢ DIFFERENTIAL PRESSURE SWITCHES 


* REFRIGERATION CONTROLS 
* HIGH PRESSURE—HIGH TEMPERATURE UNITS 


Write for Complete Catalog 


MAGNETROL, Inc. 


2110 So. Marshall Blvd. Chicago 23, Ill. 
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Announcing—— 


PROCESS 
CONTROL 


y 
A. J. Young 
imperial Chemical Industries, Ltd. 


Covers: 
control problem 


operation of closed-loop 
modes of cortrol 
& types available 

Cloth, 134 + vi, illustrated, 3-page index. 


$2.00 postpaid 


(Payment must accompany order) 


Instruments Publishing 
Company, Inc. 


845 Ridge Avenue 
Pittsburgh 12, Pennsylvania 
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a NRCRENE fl ot Gene: 
DESIGN 


CONSTRUCTION 


é, 
HAMMEL-DAHL COMPANY 


175 POST ROAD, (WARWICK) PROVIDENCE 5, 8. 1., U.S.A, 


SALES OFFICES IN ALL PRINCIPAL CITIES 


f 
MANUFACTURING PLANTS IN WARWICK, R®. 1I., U.S. A., CANADA, ENGLAND, FRANCE AND HOLLAND 





Model 1560 Model 1520 


Only 


ANNIN SINGLE SEAT 

DOMOTOR VALVES 

MEET ALL CONTROL 
VALVE REQUIREMENTS 


SIZES —CV .000001 to 1000 

LINE SIZES — 42” thru 10” 

BODY RATINGS — Standard 150, 300, 400, 600, 
900, 1500, 2500 PSI. Others to 50,000 PSI. 


BODY DESIGN — Globe, angle and three-way. Model 3560 


Tight shut-off, single seat body. Free-flowing 
design eliminates erosion. Doolseal, Bellows 
seal, cooling fin interchangeable with standard 
bonnet. Optional Teflon guide bushings and 
Tefion seat seal. 

OPERATORS — Domotor, Cylinder and Hand- 
wheel. Precise positioning Domotor operators 
for all pressures and pressure drops. Stroke 
ranges .005 to 6 inches. Piston sizes of 25, 50, 100, 
200 and 400 sq. ins. for thrusts up to 40,000 Ibs. 


Catalyst Slide Valve Model 5060 


Write today for 

illustrated 
catalog 1500B 

You'll profit by VA L VE S 

learning more 

about the superi- 

or features and 


better perform- THE ANNIN COMPANY 


ance of Annin 
Control Valves 6570 E. TELEGRAPH ROAD, LOS ANGELES 22, CALIFORNIA 


For more information circle 139 on inquiry card 





